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Abstract: 
Phosphine-substituted carbonyl complexes 
o£ Ni have been prepared. 
The reaction between NiCl2-6H20, NaBH^ 
or NaBH3CN and either PPh3 or a series o£ phosphines of 
the type Ph2P-(CH2) f^-PPh2 (n = l-5) and also cis-dppe 
under CO atmospheres have been studied under a range of 
experimental conditions. The important factors which 
affect the reaction pathways are; the ratio of metal; 
phosphine: NaBH^ or NaBH3CN, the rate of addition of 
reducing agent, the temperature and the duration of 
react ion. 
Complexes with bridging and 
monocoordinated dppm were obtained, while with dppe, 
complexes with bridging, chelating and monocoordinated 
phosphine were obtained. 
Hetero 
been prepared from 
complexes and were 
spectroscopic methods, 
one instance by a 
and homobimetallic co 
mono-coordinated 
characterized by a 
by X-ray powder diffr 




action and in 
action study. 
of the metal-metal bonded 
11 
The reactivity 
species Ni2(p-CO)(CO)2(H-dppm)2 towards insertion and 
oxidative addition was studied. 
Cleavage of a P-C bond in dppm has been 
observed under very mild conditions and leads to the 
production of a phosphido complex. 
The other ligands dppp, dppb, dpppe and 
cls-dppe have produced several additional complexes for 
which preliminary data are reported. 
The important factors influencing the 
reaction pathways, the difficulties encountered in the 
isolation of some of the complexes and the 
characterization of these phosphine substituted metal 
carbonyls are discussed in detail. 
111 
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1.1. General Remarks: 
The study of transition metal complexes 
where carbon monoxide groups are present as ligands has 
been, and still remains, one of the most active and 
productive areas of chemical research. Earlier work was 
mainly devoted to the synthesis and the study of binary 
metal carbonyl compounds, and it is interesting to note 
that the discovery of the first metal carbonyl, Ni(CO)^ , 
^ Z 3 
was made by Mond and coworkers as long ago as 1890. ' ' 
Since then, numerous other binary metal carbonyls have 
been discovered. These compounds possess many interesting 
properties such as high volatility, high chemical 
reactivity and the ability to form numerous derivatives. 
In addition, carbon monoxide has the very Important 
property of being able to stabilize metals in low 
positive, zero or even negative oxidation states. The 
reason for this is generally attributed to the synergic 
effect, which is the transfer of electron density from 
the carbon of the CO group to the empty metal d 
orbitals of appropriate symmetry, forming a a bond and 
the back donation of the excess of electron density from 
2 
* 
the filled metal cl orbitals to the T- orbitals of the 
CO group thereby forming a m-bond . 'This mechanism 
is considered to be crucial in removing negative charge 
from the metal atom. 
A major consequence of the back donation 
•k 
of electron density from metal d orbitals to the TT 
orbitals of the CO is the reduction of the CO bond 
order. Infrared spectroscopy is particularly convenient 
for detecting this phenomenon. 
With few exceptions, all of these 
compounds obey the effective atomic number rule (EAN) by 
forming eighteen electron systems. Metal - metal bonding 
is common, particularly with di- and polynuclear 
complexes formed by metals with odd atomic number, 
As a ligand, CO is very versatile and 
can coordinate in several different ways as shown 
in Flg.l in which the terminal carbonyl is shown in (a), 
while (b),(c) and (d) represent CO groups bridging two 
or three metals respectively. The bridging can be 
unsymmetrleal, as in (b), or symmetrical as in (c) or 
(d). Parts (e)-(k) show CO groups in which the oxygen 




two metal centers.*'”'’' This mainly occurs in 
substituted carbonyl derivatives or carbonyl anions. The 
last three examples, (i),(j) and (k) show essentially 
end-on arrays and these generally occur when strong 
tr 
oxygen acceptors such as AlEt3 are available,”'” 
Substitution reactions of the type shown 
in equation [1] are an important part of metal carbonyl 
chemistry and may occur (i) simply by mixing together the 
carbonyl and the appropriate ligand, (ii) by the input of 
thermal or photochemical energy”""”’ or (iii) by 
4 ^ 
electrochemical methods,” 
M(CO)j^ + yL  MCCO)^ Ly + ( x-2 ) CO [1]. 
Examples of each method are listed in 
Table [1], which, for the sake of clarity, illustrates 
mostly phosphines as displacing ligands even though a 
wide range of ligands has been used for these reactions. 
Phosphine ligands have played a 
significant role in the development of modern 
coordination chemistry and more recently in the 
development of homogeneous catalysis,”*’'”” Many of these 
phosphine ligands are relatively easy to synthesize (some 
5 
Table [1], 
Examples of substitution reactions in metal carbonys 
phosphine ligands. 
reactants products ref. 
NUCO)^ + P(0Et)3 Ni (CO) 3{P(0Et) 3} 1 
Co2(CO)3 + 2PPh3 C02 (CO) g (PPh3 ) 2 7a 
heat 
RU3(CO)J_2 dppm > RU3 ( CO ) ]_Q (dppj^) 8 
heat 
Cr(CO)g + dppe  > Cr (CO ) ^ (dppe ) 10 
heat/h V 
Cr(COg) + drape * Cr (CO ) 3 ( drape ) 3 10b 
h V 
RU3(CO);J_2 + P(OMe)3 -> RU3 ( CO ) {P ( OMe ) } 9 
h V 
Re2(CO)20 + dppe  ^ Re2(CO)g(dppe) 9b 
Al anode 
Mo(CO)g + PMeg  ^ Mo(CO) 5 (PMeg ) 11 
Al anode 
Mo(CO)g + drape  > Mo ( CO ) ^ ( drape ) 11 
by 
6 
are commercially available), and their steric and 
electronic features can be systematically varied by 
changiruj the substituents on the phosphorus atom(s) or by 
varying the backbone length between the phosphorus 
1 15 
atoms , . Details of the steric and electronic effects 
on transition metal complexes resulting from changing 
substituents on the phosphorus atom in phosphine ligands 
have been described elsewhere. 
The characterstics of phosphines as ligands 
are related to those of CO (and the isocyanides). The 
phosphorus atom has a pair of electrons which forms a 
strong metal-c bond . In addition, it has empty 3d 
orbitals which can accept electron density from the 
metal^''^" as shown in Fig.2. Potentially therefore, 
phosphines combine the properties of strong a donors (as 
in amines) with those of good TT- acceptors (such as CO) 
although the extent to which the synergic effect and TT- 
bond formation occurs in metal phosphine complexes is a 
controversial matter . ‘ ~" The 3d orbitals on phosphorus 
■are much too diffuse and high in energy to interact 
effectively with the more compact metal nd orbitals. 
Furthermore, if the metal is in a positive oxidation 
state then this TT- Interaction would be further 




contracts the metal nd orbitals. Thus, electro negative 
substituents such as F or OPh on phosphorus would 
increase the effective nuclear charge on phosphorus and 
contract the 3d orbitals. Such an effect at the same time 
reduces the basicity of the lone pair on phosphorus. On 
the other hand, a substituent such as CH3 on phosphorus 
would have the opposite effect. It has been shown*' that 
the TT-acceptor ability of phosphines increases in the 
following order, P(t-Bu)3 < PR3 ~ PPb3 < P(0R)3 < PH3 < 
P(OPh)3 < PF3 while the o donor ability is in the 
approximately reverse order. 
In addition to monodentate ligands, 
1 7 
phosphines occur as polydentate ligands forming a 
large variety of structural products with metal ions. Of 
particular interest are bidentate ligands of the type 
R2P (CH2 ) P^PR2 in the context of the work described later 
in this thesis. These bidentate ligands are often used" 
to stabilise two metal atoms by binding them together. In 
addition these ligands also allow isolation and 
characterisation of intermediate products formed in these 
react ions. Moreover, these bidentate phosphine ligands 
can coordinate through only one of the phosphorus atoms, 
leaving the other phosphorus atom dangling, resulting in 
the formation of reactive species. The potential of such 
9 
complexes in forming homo and hetero-nuclear bimetallic 
complexes has recently been recognised"^. The binuclear 
complexes formed using phosphines in which n=l possess 
some particularly interesting properties such as the 
unusual coordination of small molecules,^^” the ability 
to initiate catalytic transformations" ' and often the 
formation of metal-metal bonds.The well documented 
coordination modes for these ligands are shown in Fig.3. 
In catalytic systems, an important aspect 
is the control of the reactivity of the metal center(s). 
Thus, binuclear complexes provide better control of the 
reactivity of these systems, since the presence of tv/o 
metal atoms may facilitate multi-electron redox reactions 
which could not be carried out by only a single metal 
atom." Another novel method of changing reactivities of 
these catalytic systems is by having different metal 
atoms in the same molecule'^ which results in a different 
electron population on two metals in the same complex 
thus causing variable reactivities. The importance of 
such systems has been recognized only recently and is 
evident from the synthesis of a large number of such 
compounds in recent years."" More will be said later in 










































since this thesis is mainly concerned with 
metal complexes containing carbon monoxide and phosphine 
ligands, the vast majority of which have been m^ide 
according to equation [11, the main part of this 
introduction is organized into three sections. The first 
is a very brief survey of simple metal carbonyls followed 
by a survey of phosphine-substituted carbonyl complexes. 
The latter is further divided into three sections, 
dealing first with mono phosphines followed by bis 
phosphines and concluding with a discussion of bimetallic 
systems. Due to the vast number of such complexes in the 
literature, a discussion of these complexes will be 
restricted to some representative and interesting 
examples. The last section will briefly outline the 
objectives of the work to be described in this thesis. 
1.2. Transition metal complexes containing only CO as 
1Igands. 
1.2.1. Ti, Zr and Hf: 
No binary metal carbonyl has so far been 
reported for this triad . 
1 2 
1.2.2. V, Nb and Ta: 
Dimeric species o£ the type ^2 
without any structural details, have been reported for 
■5_ ■-> 
this triad. V(CO)(- is the only neutral, stable binary 
carbonyl isolated and characterized. It is an air- 
sensitive , paramagnetic solid with a single vco in the 
solution i.r. spectrum at 1973 cm”and has an octahedral 
t"? :■=: 3 si 
structure. ' 
1.2.3. Cr, Mo and W: 
All three metals form carbonyls (with 
closely related properties) of the type M(CO)j^, which are 
listed in the Table [21. Studies on Cr(CO)0 show a single 
— i 
vco in the i.r. spectrum at 2000 cm in the gaseous 
>: 5 13 
phase and a single resonance at c 212.1 in the C 
n.m.r spectrum"" consistent withi an octahedral structure. 
This has been confirmed by a variety of diffraction 
:■:> *7 — 4 1 
experiments. Studies on Mo(CO)(- and ¥(C0)(- have 
shown similar results. 
1.2.4. Mn, Tc and Re: 
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Co ^ (CO ) 2 
Rh4(C0) j^2 
Ir4(CO)j^2 
















( i ) Red-Brown 
053(00)^2' 210 C,12 hrs. 
OSg(CO)^g,CO,90 atms., 
heptane, heat. 
Vacuum Pyrolysis of 
053(00)^2 210*^C 
0Sg(C0)23, CO, heat 
Vacuum Pyrolysis of 
033(00)22/ 210°C 






(1) C0CO3,CO,H2,Petroleum 88,94 
ether, 150-160°C 
(il) C0CI2/ Li,Naphthalene, 
CO. 
Rh, CO 2,88 
IrCl3,Cu,CO 2,88 
C02(CO)g,heat 88,94 
[Rh(CO)2Cl]2/ CO,Hexane, 88,94 
NaHCOg,20°C 
IrClg.3H20,C0,Me0H 88,94 











metal carbonyls from this subgroup have the formula 
M2(CO)IQ [M = Mn, Tc or Re] and are listed in Table [21. 
The compounds consist of two metal-metal bonded M(CO)^ 
units whose radial carbonyl groups are in a staggered 
conformation with symmetry, as shown by an X-ray 
4 2. — ^ 3 
diffraction study on Mn2(CO)2Q- equatorial 
carbonyls on each metal are slightly bent towards each 
other to minimise the steric repulsions of axial and 
equatorial groups on each metal. 
1.2.5. Fe, Ru and Os: 
There is a large variety of binary metal 
carbonyls known for these metals. The simplest compounds 
are M(C0)5 ,M2(C0)g and M3(CO)]^2 = Ru or Os]. In 
addition, many complex, high-nuclearity carbonyls, 
particularly of osmium, are known, which are also listed 
in Table [21. 
The simplest M(C0)5 carbonyls have some 
common features. For example, they are colourless, 
volatile liquids (except iron) and have two i.r active 
bands of A2" and ' symmetry consistent witii a trigonal 
bipyramidal geometry with symmetry. X-ray diffraction 
studies on Fe(CO)g confirm this and show that the axial 
16 
and equatorial Fe-C lengths are essentially equal. 
The structure o£ Fe2(CO)<^ shows the 
molecule to have approximately 03^^ symmetry with the 
carbonyl carbon atoms in a distorted octahedral array 
around the iron atoms. Three CO ligands bridge the two 
metal centers, each iron atom has three terminal CO 
groups and an Fe-Fe bond completes the 18 electron count 
4 ^ 
on each iron atom.’" Detailed i.r. and Raman studies are 
consistent with the assigned structure shown in Fig 5. 
The structure 2, as shown in Fig 5, of OS2(CO)g and 
RU2(CO)g is different from that of Fe2(CO)g," and 
follows the general tendency that carbonyl ligands prefer 
terminal coordination positions with second and third row 
^ 3 
transition metals. 
Structural differences are also observed 
for the M3(CO)q^2 compounds in that Fe3(CO)3^2 consists of 
a triangle of iron atoms, two of which have three 
terminal carbonyls and are bridged by two by CO ligands 
in an asymmetric fashion. The remaining iron atom has 
only four terminal CO groups as shown*" " in Fig. 5. In 
contrast, the structures of Ru3(CO)22'" ~ 
<r ;T; 
053(00)2^2 ' consist of triangular cluster of symmetry 
with only terminal CO groups in Fig.?.^"^^" There are six 





groups, with the axial M-C bonds being longer then the 
equatorial M-C bond. 
In solution. 13 C n.m.r. studies show that 
the molecule is tluxional , Structural differences 
between Fe2(CO)^2/- RU2(C0)^2 OS2(CO)j|^2 have been 
rationalized In terms of the size of the cavity formed by 
the polyhedron from twelve CO groups. The Ru^ and Os^ 
triangles fit within the cubo octahedron found in these 
molecules while the icosahedron found for Fe2(CO)2^2 
only sufficient for the Fe^ cluster . 
Several high-nuclearity clusters of osmium 
have also been prepared and character i zed, i.ncluding 
0s5(C0)^g,-^ 055(00)^3,^'' 0Sg(C0)3^g," OSg(CO)20/'" 
A ^ ^ i A. a 
OS'y(CO)2^ ' and Osg( CO) 2 3 * ^ 
Os^CCOj^g and 035(00)2^3 present the first 
examples of two binary carbonyls containing the same 
number of metal atoms from a particular element and 
having a different number of carbonyl ligands. The only 
other example in the literature is Osg(CO)2_8 and the 
complex Osg(CO)2o unknown structure."" 
1.2.6. Co,Rh and Ir: 
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Binary metal carbonyls from this subgroup 
are listed in Table [2], and can be generallised by the 
formula M2 ( CO ) g , ( CO ) tM=Co,Rh and Ir}. 
Of the dinuclear compounds, Co2(CO)g is the most stable 
and exists in three isomeric forms, as shown in Figure.8 
a,b and c. In one form,a,there are two bridging carbonyls 
with a Co-Co bond length of 2.52ft. The other two 
nonbridging isomere; b and c exist in equilibrium with the 
bridging form in solution.*" Very recent high pressure 
13 C n.m.r. studies confirm the fast intramoleculer site 
-7 ; 
exchange process between the CO ligands " as suggested 
T 
earlier. All three forms have been identified by i.r. 
spectroscopy in an argon matrix and both i.r. and Raman 
studies show that the amounts of the non-brldged isomers 
increases with increasing temperature." It is 
interesting to note that in this group, the much less 
stable compounds Rh2(C0)g and Ir2(CO)g have been assigned 
structures analogous to that of the bridging form of 
Co2(CO)g on the basis of i.r. “ and electronic spectral 
T .-1 
results. 
For the M^(CO)J_2 systems, Co^(CO)2^2 
Rh^(C0)j^2 * have similar structures, based on a 
tetrahedron of metal atoms. One metal atom has three 

































each have two terminal CO ligands. Three doubly bridging 
CO groups span three edges of the tetrahedron‘, as 
13 shown in Fig.9. In solution, C n.m.r. studies show that 
7 "7 7 3 
the molecule(s) are fluxional,''' 
In contrast, Ir4(CO)]_2 ® different 
structure consisting of a regular tetrahedron of iridium 
atoms with all the carbonyl ligands terminally 
coordinated' as shown in Fig.10. 
Turning now to the systems, 
Cog(CO);iL6 ^’^'3 Rhg(CO)26 have analogous structures based 
on an octahedron of six metal atoms, twelve terminal and 
four face-bridging carbonyl gr oups" " as shown in 
Fig.11. Two isomeric forms of Irg(C0)j_g have been 
isolated. The red isomer is isostructural with Rh (CO),c/ 
described above, while a black isomer has (asymmetrically 
bonded) four edge-bridging carbonyl groups in addition to 
twelve CO groups"' as shown in Fig.12. The Ir-Ir bond 
distance in both Isomers is found to be essentially the 
same. Structural comparison of the two isomers shows that 
the set of four face-bridging carbonyls of the red isomer 
become edge-bridging in the black isomer."' 
1.2.7. Ni,Pd and Pt. 
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From this subgroup, only nickel is known 
to form stable binary carbonyls. In fact Ni(CO)^ is the 
first isolated binary carbonyl reported in 1390 by Mond 
and coworkers "' . It is a colourless, volatile and 
extremely toxic liquid which decomposes at ~35'"’c. Gas- 
phase electron diffraction shows that the molecule has a 
tetrahedral geometry'"'’ and there is a net transfer of 
electron density from nickel to the CO groups, resulting 
in a small positive charge on nickel."" It has nine 
f undamental vibrations (, 2E, 4T2 and IT^^), eight of 
which are Raman-active (A^, E and T2), four are i.r. 
active (T2) while one is i nact i ve ( ^ ' 
Palladium is the most reluctant member of 
this triad to form carbonyl complexes while platinum 
shows behaviour intermediate between that of nickel and 
palladium'"'. This reluctance of palladium and platinum to 
form binary carbonyls has been rationalized in terms of 
the synergic effect involved in the bonding of metal 
carbonyls, which has o and xr components as discussed 
earlier. The ability of a rnetal to donate electron 
* 
density to the TT orbital of CO is closely related to 
its ionization potential. The first ionization potentials 
of nickel, palladium and platinum are 5.81, 8.33 and 8.20 
eV respectively giving the rr-back donation ability in 
24 
the order o£ Ni>>Pt>Pd. ' Parallel to this are the 
relative stabilities of zero valent metal carbonyl 
complexes which is best illustrated by meta1-carbony1 
force constants which are in the order i-C^^Pt-C^^Pd- 
These trends are consistent with the observations 
that palladium is the most reluctant to form binary 
carbonyls from this subgroup. 
1.3. Phosphine substituted transition metal carbonyl 
complexes. 
1.3.1. Sc, Y and La: 
No phosphine-substituted carbonyl 
complexes have been prepared from this triad so far. 
1.3.2. T1, Zr and H£: 
Only a few phosphine substituted 
carbonyl complexes have been prep.ared from this subgroup. 
They are listed in Table.[3]. 
Sikora et.al.^' have reported that 
metallocene dicarbonyls from this subgroup readily 
undergo photochemica1ly induced substitution reactions. 
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Table C3]. 
Phosphine substituted metal Carbonyl Complexes of Ti,Zr and Hf; 






Zr,Hf C,D^ P-P=dppe,dmpe;X=Cp,C4H5 
Ti E P-P=dmpe;X=PF3 






A: ML -I- X; B: MX + L; C: MXX + L. D: HLX + X; E: HLX + X; F: MX + X or L or both 
G: MLX + X or L or both; H: MLX + R or X or both; I: MLXX; J: By some other 
methods; a= hv; b= heat or reflux; c= reducing agent used; d= CO releasing agent 
used or CO gas used; e= Z releasing agent used; L= CO; M= Metal; X= Phosphine 
ligand. 





Zr and H£ derivatives being more photolabile than the Ti 
analogue. Thus, on photolysis of H£(CO)^(Cp)2 in the 
presence of an excess of lO'C, facile 
displacement of a CO ligand occurs over 4 hrs, resulting 
in the formation of a monocarbonyl complex characterized 
by elemental analysis, and i.r. and n.m.r. spectra as 
Hf(CO)(Cp)2(PPh3). However, a similar reaction carried 
out under refluxing conditions does not proceed even 
after 21 hrs. It has also been noted that when the 
chelating ligand dppe is used under photochemical 
conditions, only the rnonosubs t i tuted derivative, 
characterized as Hf(CO)(Cp)2(n^“dppe), is obtained. 
Relatively recently, Wreford and 
1 n 1 
coworkers have reported the'reduction of TiC1^.2THF 
with sodium amalgam in the presence of dmpe and 1000 Psig 
CO. This results in the formation of a red complex, 
formulated largely on the basis of analytical data as 
[Ti(CO)3(dmpe)2 However, an X-ray diffraction 
study*"' later revealed that the molecule is a seven- 
coordinate, monomeric comple.x with a monocapped 
octahedral geometry, having significant distortion from 
the idealized geometry. In addition, this compound is 
reported as being non-rigid and it also undergoes a 
i ~= o 
reversible dissociation of CO ' as shown below. 
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•fCO 
Ti ( CO ) 3 ( dmpe ) 2 i== = = = = -=: = = = =i Ti ( CO ) 2 ( dmpe ) 3 + CO 
-CO 
On treatment with PFo, this tricarbonyl 
complex can readily be converted into Ti(CO)3(PF3)(dmpe)7 
which has been characterized by i.r. and X-ray 
crystallography as a seven-coordinate complex with two 
1 O i 
chelating dmpe ligands. 
Reduction of ZrCl^(dmpe)2 in the presence 
of 1,3-butadiene with sodium amalgam produces purple 
crystals of an interesting diphosphine_bridged dimer 
f. Zr (dmpe ) ( n ) 2 } This complex was reacted 
with CO at -78 "C to yield Zr ( CO ) ( dmpe ) { n'^-C^Hg ) ^ which 
has been characterized by spectroscopic data (i.r.,-^-^? 
and -^'’C n.m.r.) as a seven-coordinated pentagonal 
bipyramidal structure with an approximately linear P-Zr- 
CO axis as shown in Figl3. 
1.3.3. V, Nb and Ta: 
Several phosphine substituted complexes 
have been prepared from this subgroup, and are listed in 
Table.4. These complexes can conveniently be generalized 
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Table (4 ] . 
Phosphine substituted metal carbonyl complexes o£ v,Nb and Ta 

































[ML5(PR3) ] [NEt^ ] V,Nb, R=Et, BU*^, Ph, OMe 
Ta 
V,Nb, A Y=SnPh3,NO;R=Me2H, 
Ta Bu'^,Ph,OMe,OPh 
Nb,Ta C®, R=C5H5,C5Me5;X=Cl,Br,I 
D,E P-P=dmpe 






























































X=NO; P-P=dppm 123 
R=C5H4CHPh2,C5H4CHMe2 125,127 
C5H5;P-P=dppm,dppe 126 
P-P=dppra 127 M2bg(Cp)2(P-P) 
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by the formula ^ M ( CO ) ^ ( n = l-5; x = l, 2; Y-Phosph i ne ) . 
These complexes have been prepared either by the 
replacement of other ligands by phospliines or directly 
from the parent carbonyls M(C0)g and [M(C0)g]“, generally 
by thermal or by photolytic carbonyl displacement by 
phosphines. 
Thus, Always and Barnett ^ reported that 
when a benzene solution of V(C0)^(Cp) is irradiated by 
U.V. light in the presence of PPh^, the orange, monomeric 
complex V(CO)2(Cp)(PPho) is formed. Attempts to prepare 
disubstituted complexes were unsuccessful even after 
longer irradiation periods or from reactions in the 
presence of an excess of ligand, indicating that either 
V(CO)2(Cp)(PPh^) is not photo-labile or the phosphorus 
ligand Is being dissociated preferentially. This Is 
actually observed when a CO saturated benzene solution of 
V(CO)2(Cp)(PPh^) is photolyzed, resulting in the 
formation of V(CO)^(Cp), It has been suggested that the 
substitution reaction proceeds through the coordinatively 
unsaturated species V(C0)2(Cp) which may be stabilized by 
weak bonding interactions with solvent molecules. 
Furthermore, the species V(C0)2(Cp) is expected to 
recombine rapidly with CO, regenerating V(C0)^(Cp), and 
PPh2 must compete with CO for the vacant coordination 
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site on the intermediate V(C0)^(Cp). 
However, further CO substitution can be 
achieved when this complex is treated with toluene under 
U.V. Irradiation conditions, giving a highly ^3ubstituted 
monocarbonyl complex'"*' characterized as 
v(CO)(Cp)(PhC=CPh)(PPh^) which has the structure shown in 
Fig.14 . 
Earlier Fischer and Schne ider ^ reported 
that when the dimeric species (CO)^(Cp)2 js treated 
with PPl'^3 over an extended period of time, a binuclear 
complex V2(CO)^(Cp)2(PPh^) is obtained The i.r. 
spectrum shows both terminal and bridging CO groups, and 
the structure shown in Fig.15 has been suggested. 
Relatively recently, Mayer and Bereaw'"' 
have reported tiiat on treatment of Ta ( C^Me ^ ( PMe ^ ) 9 
with CO in the presence of an excess of PMe^ over an 
extended period, a brown complex Ta(CO)(C^Me^(PMe^)9 
is formed. Similar reactions at elevated tem.peratures 
over shorter periods of time give the dicarbonyl complex 
Ta(CO)2(C^Meg)(PMe2)2• I.r. and n.m.r. results suggest 
that this molecule has a "four-legged piano stool" type 
of structure as shown in Fig.16. 
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Ellis et^al.'"^ have reported that when 
V(CO)g is treated with PPti3 for a short period of time at 
low temperatures, the very heat, oxygen and solvent 
sensitive paramagnetic green compound V(CO)^(PPh3) is 
obtained. This is the first neutral paramagnetic vanadium 
carbonyl derivative which has been reported. Further 
substitution by additional PPh^ Is a rather slow process. 
When attempts were made to isolate V(C0)^(PPh2) by 
removing the solvent under reduced pressure, 
V(CO)^(PPh^)2 was obtained. 
Davison and Ellis‘S" have reported that 
treatment of [M(CO)g]“ (M=V, Nb, Ta) with PR^ (R~Ph,Bu^), 
under photochemical conditions, gives [M(CO)^(PR^)I“ 
complexes, isolated as NEt^"*" salts. This direct 
substitution of donor molecules into the coordination 
sphere of metal carbonyl anions via photolysis is 
important particularly when the neutral metal carbonyl, 
the metal carbonyl halide or the tiydride does not exist 
or has marginal stability. 
Several bisphosphine complexes have also 
been prepared from this subgroup. Thus, when 
Ta(CgMe ^)H ^(dmpe) IS treated with CO under U. V. 
irradiation, it gives Ta (CO ) ( c^Me^ ) H2 (dmpe ) . " """ Further 
photolysis at elevated temperatures over a one week 
period gives the red dicarbonyl complex, 
Ta(CO)2(C^He^)(dmpe) in which the dmpe ligand is 
coordinated in a chelating fashion, as shown by n.m.r. 
results. 
However, when Nb(Cp)Cl^ is treated with 
dmpe followed by the addition of AlEtCl2/ the violet 
Nb (Cp) Cl 2 (dmpe ) complex is obtained,*""" which, when 
reduced with magnesium amalgam (Mg-Hg) in the presence of 
CO gas, gives the deep green, monocarbonyl complex 
Nb(CO) (Cp)Cl2(dmpe) . When this complex is further treated 
with Na[AIH2(0CH2CH20Me)2] under a carbon monoxide 
atmosphere, the deep orange coloured Nb(CO)2(Cp)(dmpe) is 
formed. This complex can also be prepared by treating 
Nb(Cp)Cl2(dmpe) with Na-Hg in the presence of CO. The 
complex is a strong base and can readily be protonated by 
dilute HCl, giving the hydride containing cation, 
isolated as a PFg salt, [Nb(CO)2(Cp)H(dmpe)]PFg, In 
addition, when Nb(CO)2(Cp)(dmpe) is treated with Mel or 
benzyl bromide, dihalo complexes of the type 
Nb(CO)(Cp)X2(dmpe) (X-Br, I) were obtained. 
Datta and Wreford**" reported that the 
reduction of TaCl^ with sodium amalgam In the presence of 
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dmpe under a CO atmosphere produces the yellow atiionic 
complex [Ta(CO)^(dmpe)21~/ which, when treated with HCl, 
yields the apparently seven_coordinated complex 
Ta(CO)2CI(dmpe)2• Spectroscopic evidence suggests a 
structure best described as a monocapped trigonal prism 
where the Cl is at the capping site. Br and CN analogues 
were also prepared similarly. 
Photosubstitution has been the only 
practical method for the synthesis of substituted metal 
carbonyl anions of group V elements. Ellis and 
Faltynek^'"' have suggested that the existence of stable 
triphenyl stannyl derivatives of such anions could 
provide a useful alternative route to substituted 
carbonyl anions which do not require photolysis. Thus, 
when V(CO)^{dppe){SnPh^) is treated with sodium amalgam 
followed by the addition of NEt^Cl, a deep-red anionic 
complex [V(CQ)^(dppe)][NEt^] is isolated. 
Acidification of this complex with 
[P{i,j As ] [ HCl 2 ] in benzene or interaction with tertiary 
butyl chloride in the presence of water, gives the 
neutral yellow hydride complex V(CO)^H(dppe)^" which, 
on decomposition, gives the neutral, paramagnetic 
V(CO)^(dppe) complex. This complex can also be prepared 
J6 
by treating [ V( CO ) ^ (dppe ) ] [ NEt ^ ] v/ith [ C.^H^ ] [ BF^ ] . ‘ " 
The Nb analogue of [V(CO)^(dppe)][NEt^] 
has been pr epar ed " by treating [ Nb ( CO ) ^ ] [ NEt ^ ] with 
dppe under U.V. irradiation. Similar complexes with 
dppm, cls-dppee, dppp and dppb have also been prepared. 
However, when Nb(CO)^(Cp) is treated with dppm under 
similar conditions, it gives the dicarbonyl complex""" 
Nb(CO)2(Cp)(dppm). The V analogue has also been 
prepared.^ ^ 
•» -*? 
Very recently Wells et^a1.'" have 
reported that when trans-VCl2(dmpe)2 is treated with 
sod i um-amalgam under 5 atrns of CO at -7S'C, it gives the 
orange_red complex V(CO)2(dmpe)2• The structure of this 
17 electron, paramagnetic, low spin species is shown in 
Fig.17. This complex reacts with AgSO^CF^ in acetonitrile 
forming a cationic complex characterized, as the BPh^ 
salt, as [V(CO)2(MeCN)(dmpe)2HBPh^]. X-ray analysis 
shows""^ that the molecule is pseudo octahedral, with two 
drape ligands occupying the equatorial sites. One axial 
site is occupied by the MeCN and the other accommodates 
the two carbonyls as shown in Fig.18. 
In contrast, when trans-V{CO)2(dmpe)2 is 
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treated with RX (R=H, K, Na;X=Cl, MeC02, EtC02^ CF3C0^, 
PhP02H, N3, CN, NH2SO3), it gives neutral V(I) complexes 
of the type cis-V( CO ) 2X (dmpe ) 2 • However, when 
[V(CO)2(dmpe)2] is treated with tetra£luoroboric acid at 
low temperatures, an orange cationic complex with 
? 4- " 2 = empirical formula [ V2 ( CO ) ^H2 (drnpe ) ^ 1 ^ is formed,* 
which is isolated as either the 
[PhC(SO2CF3)2]~ salt, I.r. results show the presence of 
terminally coordinated ci.s-carbonyl and terminal hydride 
ligands. In addition, magnetic susceptibility and ESR 
results shows that the cation is diamagnetic, suggesting 
that the paramagnetic, [VH(CO)2)(dmpe)2i^ species has 
dimerized, with the formation of a V-V bond. The 
structure shown in Fig.19 has been proposed, 
1.3.4. Cr, Mo and W. 
A very large number of phosphine 
substituted metal carbonyls has been synthesized from 
this subgroup. Table.[5] indicates the wide variety of 
interesting compounds obtained with mono and bis- 
phosphines and also includes some bimetallic complexes^. 
The highly substituted M(CO)Y^ complexes 
have been pr epar ed ^from metal carbonyls by 
38 
Table [5] : 






































A R= Me(OMe)2,OMe 
J R=Me; X=S2CNMe3,Cl; Y=Acetone; C0CH2SiMe3 










R=Ph2Me; X=I; Y=NO 
R=Ph,OBu,Cl, 
R=Cy; X=N2,C2H^,H20,D^O,MeCN 
R=Cy, Cy2PrA,Pr ^ C 5-coordinated> 
R=Ph; X=Cl,Br (7-coordinated) 
R=Ph; X=I (7-coordinated) 
R=Pr^,Ph,PhEt2,M62Ph, MePh2 
G,E*^ R=Ph; Y=PBU3,P(OMe)3,P(OPh)3,PPh2H 




















































P-P=dppe; 2=13; X=I; Y=CS 
P-P=dppm; X=I 
P-P=dppe; Z=S03p; X=CSMe,CSEt 
P-P=dppe; Z=CF3S03; X=CS; Y=H 










MO,W P-P=dppm.dmpe,dppe; X=Cl,I,Et,H; 
E Z=Cl,I,PFg,Br,BF^.CF3S03 
Mo,W D^, P-P=dppm,dmpe,dppe,X=Cl; Y=NO; X=Y=C1, 
E^ Br,I,PPh3;N=l, 2,P (OEt) 3, ASPh3,CNS 
W H P-P=dppe; X=I; Y=Cs 
Cr P-P=dppe; X=CgHg 
Mo,W D,I^ P-P=dppm,dppe,dmpe; X=Cl,Br,I 
Cr,Mo, P-P=dppe; X=SbPh3, CgH3_3_NH2, C5H5N, PPh3, 
W E^ ASPh3,CS 
















































E P-P=dmpe; X=I; Z=I,l3 
P-P=dppe; X=CgHg 
D,I P-P=dppe; X=Cl,Br,Il 
=PF, 
P-P=dppm,dmpe; X=I,Cl,Br 
P-P=dppe; X=C^H^; Z-<rc g 
Cr,Mo, D,A P-P=dppm,dppe,dmpe,Ph2POPPh2 
W 
E® P-P=dppe; X=Me; Z=BF^ 






































M=Cr,Mo,W X=C1,I,CN 157,158 
M^=CU,Ag,AU p-p=dppm 
M=Ci:,MO,W X = Cl,Br,CN,N.3,H,CECCPh 159 
M'=Pt Y=H; P-P=dppm 
M=Cr,Mo,W X=Cl,BrI,H,C=CMe,C=CPh 159,173 
M'=Rh,Ir,Pt P-P=dppm 174 
M=Cr,Mo,W P-P=dppm; Z=PFg; n=0,l 172,174, 
M'=Ru,Rh,Ir 
M=Cr,w x=H; R=Me,Ph 160 
M"=Ag,Au 
M=Mo; M^=Ru, X=H; P-P=dppm 172 
M=Cr,Mo,W 161,172 
M*"=Fe,Ru P-P=dppm 




photochemical means. The ease ot substitution decreases 
in the order of Mo>W>Cr. Thus, when M(CO)g (M-Cr, Mo, W) 
are treated with P(OMe)^ under U.V. irradiation over a 
week, white to yellow monocarbonyl complexes are 
obtained. 
Very recently, Wasserman et^al."'''^ have 
reported that when M ( CO ) ^ ( C,^Hg ) (M = Mo, W) are treated 
with phosphines (PCy^ or PCy2Pr^) the five coordinated 
complexes M(C0)gL2 (L=PCy2Pr^) are obtained. It has been 
suggested that the formation of such coordinatively 
unsaturated complexes and their stability is largely due 
to the steric demands imposed by the bulky phosphine 
ligands. An X-ray diffraction*"^ study on W(CO)^(PCy^)2 
shows that the formally five coordinated species appears 
in fact to be nearly octahedral. The sixth coordination 
site of the distorted octahedron is occupied by a 
hydrogen atom of one cyclohexyl group, and is almost 
directly opposite to one of the CO groups. 
The potential for high reactivity of such 
coordinatively unsaturated complexes is quite obvious. 
Thus, when treated with a variety of ligands, complexes 
of the type M(CO)3(PCy3)" (M=Mo, W, X=N2, C2H^, H2O, 
□30, Et2S, MeCN etc.) are readily formed. 
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Magee et^al^. ^ ^ " have reported that 
when M(CO)g (M=Cr, Mo, W) are treated with in 
diglyme under refluxing conditions, the pale yellow 
complexes M(CO)^(PPh2) are obtained. Under prolonged 
refluxing conditions, disubstituted complexes of the type 
M(CO)^(PPh^)2 were obtained. Further substitution could 
not be achieved under these conditions. However, when 
arene complexes such as M(CO)2(CgHg) (M=Cr, Mo) are 
treated with phosphines, then tri-substituted complexes 
M(CO)^(phosphine)2 (phosphine= PPh^/ PPh2Cl, PPhCl2 and 
PCl^) are formed. The large variation in the carbonyl 
stretching frequency in going from PPh^ to PCI3 (1949- 
2041 cm“^) is attributed to the decrease in the a-donor 
capability of the phosphorus ligand, which results in a 
decrease in electron density on the metal and a reduced 
TT-donation to the carbonyl ligand, due to the greater 
electronegativity of the halogen. Octahedral structures 
with three CO groups in a fac-arrangement have been 
suggested for these complexes. 
Seven-coordinated complexes with 
monophosphines have also been prepared. Thus when 
[Mo(CO)2^2HNEt^] are treated with PPh2, the yellow 
complexes [Mo ( CO ) 2^2 ^^^^3 ^ ^ ^ ^ (X = ClBr) are formed. 
The related seven coordinated W complex is prepared by 
treating W(CO)g with iodine under U.V. irradiation'"". 
This initially produces W(CO)^l2 which reacts further 
with PPh^ to yield the yellow complex W(CO)^I 2^P^^g)2‘ 
An extraordinarily large variety of 
bisphosphlne complexes have been prepared from this 
subgroup, and this presents probably the richest 
chemistry outside the group VIII metal carbonyls. 
For example, Tatsumi et_^al.'"" have 
reported that when Mo(N2)2^52 is treated with benzyl 
propionate at elevated temperatures, an orange complex, 
formulated as trans-Mo(CO)N2(dppe)2, is obtained. One of 
several proposed mechanisms for the formation of this 
complex involves the oxidative-addition of the ester to 
the starting complex to give the acyl complex 
Mo(COC2HJ)(OCH2Ph)(dppe)2 complex, which is converted 
into Mo(CO)(C2H^)(OCH2Ph)(dppe)2 via an acyl-alkyl 
rearrangement. This, by p-elimination, gives 
Mo(CO)H(C2)(dppe2) which reductively eliminates alkane 
to form the five coordinate Mo(CO)(dppe)2• Addition of a 
dinitrogen molecule gives the final product 
Mo(CO)N2(dppe)2• This addition is reversible, as shown by 
the fact that when argon gas is passed through a solution 
of this compound. Mo ( CO ) (dppe ) 2 is formed. An X-ray 
analysis*" ■ shows that this sixteen electron complex has 
a square pyramidal geometry. In addition, an ortho 
hydrogen atom from one of the dppe phenyl groups 
interacts with the vacant sixth coordination site of this 
complex. 
Semmelhack §.t^al.'*“ earlier reported 
that when Cr(CO)^() is treated with dppe under U.V. 
irradiation, an orange complex characterised as 
Cr(CO)2(CgHg)(dppe) is obtained. Spectroscopic data 
suggest that the dppe ligand is coordinated through only 
one phosphorus atom as shown in Fig.20. Under prolonged 
irradiation conditions, the dimeric complex 
Cr2(CO)^(CgHg)2(dppe) is obtained, with the proposed 
structure as shown in Fig.21. 
In contrast, when M(CO)^X2 (M=Mo,W; X=C1, 
Br,I) are treated with an excess of dppe at room 
temperature over several hours, orange complexes are 
formed. Spectroscopic data suggest that these 
complexes are dimeric, with one bridging dppe ligand as 
shown in Fig.22. However, when these reactions were 
performed under refluxing conditions, monomeric 


















Relatively recently, Wong et^al,"* have 
reported that treatment of [Mo(GO)^(PPh20)][NEt] with 
sodium hydride followed by the addition of PPh2Cl yields 
a white complex containing Ph2POPPh2 (dppo). X-ray 
crystallography confirms that the molecule is 
Mo ( CO ) g (dppo ) ^~ and that the dppo is coordinated through 
only one phosphorus atom. This complex can also be 
prepared by refluxing Mo(CO)g with dppo.^~" 
The Cr and W analogues have also been prepared by 
treating M(CO)^(MeCN) (M=Cr, W) with dppo.’""" 
However when M(CO)g (M-Cr, Mo, W) are treated with dppo 
at elevated temperatures, the tetracarbonyl complexes, 
M(CO)^(dppo), are obtained,where the dppo ligand is 
coordinated in a chelating fashion. 
Some very interesting dppm complexes have 
been obtained from the .carbonyls of this group. For 
example Isaacs and Graham"'" have reported that 
Mo (CO) 2 (C.yHg ) reacts with dppm to produce white and 
yellow isomeric complexes. The white isomer exhibits two 
vCO bands in the i.r. spectrum, while the '^■^Pn.m.r. 
spectrum shows three resonances with relative intensities 
of 1:2:1 and each one shows phosphorus-phosphorus 
coupling. These data are consistent with the proposed 
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t,ac-con£ igurat ion as shown in Fig. 23. (The W analogue has 
also been prepared similarly. ' " ) The yellow isomer shows 
three vco bands in its i.r. spectrum and the four 
resonances in its n.m.r. spectrum again show 
phosphorus-phosphorus coupling. This complex is assigned 
a mer-con£Iguration as shown in Fig.24. These fac- and 
mer- Mo complexes have also been prepared by treating 
[ Mo ( CO ) 2 ( )] PFg with dppm at elevated temperatures.^"'^ 
The Cr and W analogues have also been prepared by 
refluxing the corresponding fac-isomers."“’ 
In contrast to the above, when 
Mo (CO ) 2 (C.yH.y) is refluxed with dppe instead of dppm, an 
orange-red ionic complex is formed,(isolated as the 
PFg“ salt) with a single dppe ligand bridging two 
Mo(CO)2() units. 
Very recently, Andy-Hor*"’ has reported 
that TMNO (TMNO-trimethylamine N-Oxide) initiated 
decarbonylation of Mo(CO)g. Addition of dppm gives 
Mo(CO)g(dppm), which, from n.m.r. results, contains 
dpiprn coordinated through only one of its phosphorus 
atoms. The analogous Cr and W complexes containing 
monodentate dppm ligands have also been reported. ’ 
It has been noted that when Mo(CO)^(dppm) is treated with 
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a stoichiometric amount ot TMNO, further clecarbonylation 
i -6 4 
occurs, giving Mo(CO)^(dppm) in which dppm now acts 
in a chelating fashion* 
In contrast, when other bisphosphines 
are used under similar conditions, complexes of the type 
M02 (CO) (p-p ) (P-P=dppe, dppp), containing two Mo (CO) 5 
units linked by a single P-P ligand, are formed. It 
has been observed that increasing the phosphine 
concentration, does not cause further CO replacement and 
t i 4 
the formatior\ of the dibridged species M02 ( CO ) g ( P-P ) 2 • " 
Such compounds can however be prepared (when P-P=dppe) 
with Cr and Mo by treating, for example, c^s- 
Mo(CO) 4 (PPh2H) with c.Ls-Mo ( CO ) 4 {PPh2 ( CH = CH2 ) > " " ’ at room 
temperature in the presence of KBu^O as catalyst. 
Spectroscopic results indicate that these binuclear 
complexes form 10 membered rings, with cis-geornetry 
around each metal as shown in Fig.25. 
However, when fac-Mo(CO)3(MeCN)3 is 
treated with dmpm under refluxing conditions followed by 
chromatography, a very interesting yellow complex is 
obtained.""*' Analytical and spectroscopic results suggest 
that the molecule is monomeric with three dmpm ligands 
coordinated in a monodentate fashion as shown in Fig.26. 
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Very recently Blagg, Hutton and Shaw' ' 
have reported that when fac- or me r-Mo ( CO )-^ (appro) ( n '- 
dppm) is treated with Hg(SCN)2/- ^ seven coordinate Mo(II) 
coiuplex, characterized on the basis ot analytical and 
spectroscopic results as Mo(CO)2(SCN)2(dppm)2/ is 
obtained. X-ray diffraction shows that the molecule is 
monomeric, with two cl.s-CO and two NCS groups. in 
addition, one of the dppro ligands is coordinated in a 
monodentate fashion. The geometry around the Mo is 
intermediate between a capped trigonal prism and a capped 
octahedron and the four membered dppm chelate ring is 
rather puckered. Another related molybdenum complex 
1 1 
Mo ( CO ) 21 2 ^^ h ' ~dppm) , is prepared by treating 
[Mo(CO)^I 3]tNEt^] with dppm. A similar geometry has been 
17“^ 
revealed from X-ray results. 
A seven-coordinated W complex has been 
prepared^' by treating W2(CO)gI^ with dppm. X-ray 
crystallograpiiy shows that the red complex, 
W(CO)r2(dppm)2/ contains chelating dppm ligands with an 
overall pentagonal blpyramidal geometry. One iodine and 
the CO group are in the axial positions. The analogous Mo 
1 5 O 
complex has also been prepared. 
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The nbd group can be readily displaced 
by phosphines.For example. King and Raghuveer have 
reported that when M(CO)^(nbd) (M=Cr,Mo,W, 
nbd=norbornadiene) are refluxed with dmpm, M(CO)^(dmpm) 
complexes result. However, when Cr(CO)3(nbd) is treated 
with dmpm, a binuclear complex is obtained."’^ Elemental 
analyses, a molecular weight determination together with 
spectroscopic results show that two Cr(CO)3(dmpm) units 
are bridged by a single dmpm ligand as shown in Fig.27. 
From the number of complexes containing 
bisphosphines behaving as monodentate ligands referred to 
already in this section, it is apparent that there is 
great potential for the use of such species as precursors 
to bimetallic systems via interactions with the 
uncoordinated phosphorus atom(s). For example, Blagg 
i E S i 
et^al. have reported that when mer-M( CO) 3 (dpprn) ( n - 
dppm) (M=Cr,Mo,W) are treated with CuX (X=C1,I),complexes 
of the type MCu(CO)3X(dppm)2 ate formed. An X-ray 
15 3 
diffraction study on a W complex reveals that the 
metal-metal bond is supported by two bridging dppm 
ligands and a bridging Cl ligand. In addition, a CO 
ligand acts in a semi-bridging mode. Furthermore, it has 
been found that the W( n.~dppm) 2CU ring is in a pseudo boat 
conformation as shown in Fig.28. 
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In contrast, when mer-M(CO)3(dppm)(n'- 
dppm) (M=Cr, Mo, W) is treated with Ag^Cl^(PPh3)4, 
complexes with the formula MAg (CO) 3CI (dppm) 2 
formed.Analytical and spectroscopic results suggest 
that the molecules have a mer-conflguration with one dppm 
ligand coordinated in a chelating fashion to the M atom 
while the other bridges the two hetro-atoms in the 
manner shown in Fig.29. 
i i ^ 
Jacobsen et_^al very recently reported 
that treatment of mer-M( CO ) 3 (dppm) ( g-dppm) (M-Cr, Mo, W) 
with Fe2(CO)g, yields the bimetallic complexes 
MFe(CO)g(dppm)2• An X-ray analysis of the complex with 
M=Mo shows that the Mo and Fe atoms are linked by two 
bridging dpprn ligands forming an eight membered MoP4C2Fe 
ring as shown in Fig.30. A weak Fe ^Mo donor-acceptor 
interaction has been suggested to satisfy the 18-electron 
rule . 
Bimetallic complexes have also been 
synthesized by other routes. For example, when cls- 
Cr(CO)4(PPh2H)2 is treated with cis-Mo(CO)4(PPh2CH=CH2)2 
in the presence of KBu^O as catalyst, a yellow complex is 
13 4 
formed. Analytical and spectroscopic results suggest 
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that the molecule is the dimeric species 
CrMo(CO)3(dppe)2 A having a 10 membered ring formed by the 
two bridging dppe ligands, with a structure quite 
analogous to that shown in Fig.25. 
~7 
In addition, Chaudret et.al-" have 
reported that an interesting heterobimetal1ic complex is 
formed when Mo(CO)g is treated with RuH2(dppm)2 
elevated temperatures. This orange complex has been 
characterized by X-ray diffraction as MoRu(CO)g(dppm)2• 
The Mo and Ru atoms are bridged by two trans-dppm 
ligands. Three terminal carbonyl groups are bonded to the 
Mo atom and two CO groups are terminally coordinated with 
the Ru atom. The remaining carbonyl ligand bridges the 
two metal centers in an "atypical semi bridging" fashion 
as shown in Fig.31. However, when this complex is 
recrystallized from THF, a yellow complex with the same 
chemical formula is obtained. EDAX (Energy dispersive 
analysis by X-rays) studies confirm that it also 
contains Mo and Ru atoms. In solution, both complexes 
shows similar i.r. spectra in the vCO region, although in 
the solid state the band at 1685 cm ^ in the orange 
complex is shifted to 1715cm " in the yellow complex. In 
3 1 solution, P n.m.r. spectra of both show an AA'BB' 
pattern consistent with the dppm ligands bridging the two 
metals. Similarly, ^'C n.m.r. spectra show a single peak 
suggesting fluxional behavior o£ these complexes 
consistent with the solution i.r. results. In the solid 
state, the yellow complex is therefore believed to have 
essentially the same structure as shown in Fig.31 except 
that the "semi bridging" CO group now bridges in the 
normal fashion. 
When these complexes are heated in 
solution under vacuum, a very air-sens 11ive red complex 
is formed. Spectroscopic data show that it has two 
bridging CO groups and the proposed structure is shown in 
Fig.32. [A double bond has been proposed to satisfy the 
E.A.N rule]. It has also been noted that all three 
complexes (i.e. orange, yellow and red) in solution react 
rapidly with molecular hydrogen forming a yellow complex 
Characterized on the basis of analytical and 
spectroscopic data as MoRu(CO)5H2(dppm)2/ having bridging 
hydride ligands as shown in Fig. 33. 
1.3.5. Mn, Tc and Re: 
A large number of complexes, mainly of 














these are listed in Table [6J. This is the second most 
extensively studied group after group VIII, and a wide 
variety of phosphine and phosphite ligands have been 
used . 
Thus, Chatt et^al..''""' reported that when 
ReCl2(PhC0N2)(PPh3)2 is refluxed under CO followed by the 
addition of PMe2Ph, the white complex trans- 
Re ( CO ) Cl ( PMe 2Ph ) ^ is obtained, this can be prepared by 
heating ReCl2(PhCON2)(PPh3)2 and PMe2Ph in a stream of CO 
over a longer period. 
In another example, when 
Mn(CO)3(MeCO){P(OMe)3}2 is irradiated with U.V. light 
under reflux, it gives the mono- and di-carbonyl 
complexes^^" Mn(CO)Me{P(OMe)3}^, and Mn(CO)2Me{P(OMe)3}3. 
These complexes react with CO gas at 300 Psi to give the 
tricarbonyl complex Mn(CO)3(MeCO){P(OMe)3}2• 
The mono- and di-carbonyl complexes 
referred to above also react with bromine'"'’', giving 
Mn(CO)Br{P(OMe)3}^ and Mn(CO)2Br{P(OMe)3}3 respectively. 
A similar reaction with the tricarbonyl complex gives 
Mn(CO)3Br{P(OMe)3}2. The dicarbonyl complex 






















Mn,Re C^, R=Me2Ph,OMe 
oa,b x=Cl,Br,Me 
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C^,E R=PMe2Ph; X=Cl,Br 
R=Me,Ph,MePh2,OMe 
C X=H,Me,Cl,Br,NHPh 
I® R=OMe,OEt; Z=BPh^ 
R=Ph; X=CL,Br,I,S2CH. 
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D^,I R=Me,M02Ph,OMe,(OMe)2Ph; X=Br 
R=Et; X=C1 
















































Ph^Bt, Phcl 2 , OMe, OBt, OBU 
Ph(OMe)2,OPh 
X=H,Cl,Br , I/NHPh 
R=MePh2 
D^,I® R=Me,Ph,Me2Ph,OMe; Z=BF^,PFg 
X=Cl,Br,MeCN 
R=OMe; x=MeCN; Z=PFg 
R=OMe; X=MeCN; Z=PFg 
D^,H R=Et,Ph,Pj^2”®'Pf^2®^'°^*^' 
Ph(OMe) 2i.Ph2(OMe); X=H,Cl,Br,I 
H® R=Me2Ph; Z=BPh^; X=MeCN 
A R=Me2Ph 














D®,I® P-P=dppm,dppe; X=Cl,Br,CNMe 
Z=FeCl4,Br3,l3,PFg 
I® P-P=dppe; Y=P(OMe)3,P(OEt)3; 
Y=P(OPh)3;X=phen,bipy;Z=Cl04 
A® P-P=dppe 





























































































































:=Re,Mn M' = Rh,Pt 
-P=dppm; 
=H,n^-C2H4,n^-C3H4 































Mn(CO)cBr with P(0Me)3 under reflux, I.r. results suggest 
that X (X=Me, Br) is trans- to the CO ligand in the mono- 
and di-carbonyl complexes and that the phosphine ligands 
occupy equatorial sites. 
When PMe2Ph is refluxed with Mn(CO)5Br, 
the tricarbonyl complex trans-Mn(CO)3Br(PMe2Ph) is 
19 4 obtained and reactions of ReOX3(PPh3)2 or 
ReO(OEt)X2(PPh3)2 with CO in the presence of PPh3 under 
refluxing conditions also give the tri-carbonyl 
complexes^'- trans-Re(CO)3X(PPh3)3 (X-Cl, Br, I). In 
addition, when trans-Re(CO)^C1(PPh3)3 Is refluxed in 
benzonitrile, it gives the dicarbonyl complex 
Re(CO)2Cl(PPh3)2^. 
In contrast, when CO gas is passed 
through a refluxing 2-methoxy ethanol solution of rner- 
ReCl 3 ( PMe2Ph ) 3 , two isomers are obta ined . " One of the 
isomers exhibits three strong carbonyl absorptions in the 
terminal carbonyl region of the i.r. spectrum and two 
overlapping doublets in the n.m.r. spectrum. The other 
isomer shows only two strong and a weak terminal vCO band 
in the i.r. spectrum and a triplet, with relative 
intensities 1:2:1 in the n.m.r. spectrum. These 
isomers have been formulated as fac- and mer- 
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Re ( CO ) ( PMe.2Ph ) 2 respectively. The analogue o£ the 
liier“isiomer has also been isolated in a similar reaction 
using mer-ReBr^(PMe2Ph)^• 
The complex 
also be prepared by treating 
or by the action o£ formic 
(X=C1, Br). 
mer-Re(CO}^Cl(PMe2?h)2 can 
trans-ReCl^(PMe2ph)2 with CO 
acid on mer-ReX^(PMe2Ph)^ 
Reduction o£ Re(CO)Cl^(PMe2Ph)^ with 
NaBH^, under re£luxing conditions followed by the 
addition o£ H2O gives the yellow complex'"”' 
Re(CO)2CI(PMe2Ph)2/ which can also be prepared by 
reducing mer-ReCl^(PMe2Ph)^ with Na-Hg followed by 
passing CO gas through the solution. 
Earlier, Freni et_^al,.^“' reported that on 
treatment of a benzene solution of ReH2(PPh2)4 with CO, 
the white crystalline complex Re(CO)2H(PPh^)3 is formed. 
Moreover, when ReH3(PPh3)^ is treated with CO over an 
extended period of time, another white complex. 
Re(CO)3H(PPh3)2^ is obtained. 
When Mn2(CO)2^g is irradiated with U.V. 
light in the presence of PPhg, it gives an orange 
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complex""', which can also be prepared by heating 
Mn2(CO)|^g with PPhg in an evacuated tube. Analytical and 
i.r. data suggest that the product is dimeric with 
symmetrically substituted PPh^ groups occupying axial 
positions as shown in Fig,34. The Re analogue has also 
2 3 
been prepared under similar conditions using Re2(CO)2^Q 
and PPhg, 
A large variety of bis-phosphine 
complexes have been prepared for this subgroup. For 
example, when a mixture of Mn(CO)5Br and P-P (P~P-dppm, 
dppe ) is irradiated, the orange monocarbonyl complexes"^" 
Mn ( CO ) Br ( P-P ) 2 obtained. It has been suggested that 
the least restricted structure for these complexes is one 
with a trans-configuration of the P-P ligands as shown in 
Fig.35. This is also supported by the extreme resistance 
to substitution shown by the carbonyl group trans- to the 
bromide ligand in Mn(CO)^Br. 
Analogous Re complexes (when 
1 E- 
dppp) have also been prepared by 
ReCl2(PhCON2)(PPhg) with CO under refluxing 
followed by the addition of P-P. 






Fig. 36. Fig. 37. 
reported that treatment of Re(C0)Cl5 solution with dppm 
under refluxing conditions yields a white complex which 
exhibits two strong bands in the terminal carbonyl 
— 1 ^ 
region, at 1936 and 1837 cm respectively while the P 
n.rn.r. spectrum shows four non-equivalent phosphorus 
nuclei with chemical shifts S--43.7, -27.0,-20.2 and 10.3 
each showing phosphorus-phosphorus coupling. In addition, 
the n.rn.r. spectrum in the PCH2P region shows two AB 
type patterns. The one at higher frequency is assigned to 
the chelating dppm ligand, and the other the monodentate 
ligand. On the basis of these results, the authors have 
suggested that the complex is monomeric having the 
chemical formula Re(CO)2CI(dppm)2 where one of the dppm 
ligand acts as a monodentate ligand as shown in Fig.36. 
The Mn analogue has also been prepared and 
characterized s imi lar ly. ^ ‘ " Mention of this will be 
made again in the discussion section of this thesis.. 
When dppm or dppe is added to a warm 
benzene solution containing Mn(CO)5Br followed by U.V. 
■2 11 
irradiation, yellow complexes are obtained. These 
complexes can also be prepared by the bromination of 
Mn2(CO)g(P-P)2 (P-P=dppm, dppe). Analytical and i.r. data 
suggest that these complexes are monomeric with the 
formulation fac-[Mn(CO)3 Br(P-P)] as shown in Fig,37. 
Colton and Commons'-'’" had reported 
earli€!r that a very interesting red complex is formed on 
prolonged refluxing of Mn2(CO)2^Q with dppm. This complex 
shows four strong vCO bands in the terminal carbonyl 
region, together with a strong band at 1645 cm . The P 
n.m.r. spectrum shows a single resonance at S=69.45 
consistent with bridging dppm. An X-ray diffraction 
study^’' revealed that the molecule is dimeric, with the 
two metals linked by two dppm ligands, and two CO groups 
are terminally bonded to each metal. In addition, one CO 
group is coordinated in an unusual bridging fashion, 
being bonded through both the C and the O atoms. This is 
apparently the first example of a CO group acting as a 
novel four electron donor, with two electrons going to 
each manganese atom. The geometry around each metal 
(ignoring the metal-metal bond) is distorted trigonal 
bipyramidal as shown in Fig.38, 
The treatment of a CH2CI2 solution of 
this complex with SO2/ produces an orange complex'"” 
which has been characterized as Mn2(CO)^(SO2)(dppm)2 with 
the structure shown in Fig.39. I.r. data suggest that the 
bridging CO group behaves as a normal two electron donor 




S02 is reversible and, on heating a solution of the SO2 
complex, regeneration of the parent MH2(CO)c(dppm)2 
complex occurs. 
Recently, Prest et_^al."“ have reported 
that when Re 3 (CO) j^2ii3 refluxed with an excess of dppm, 
followed by chromatography,it gives, in addition to other 
products, a dihydride complex, Re2H2(CO)g(dppm), which 
has been characterized by X-ray diffraction studies as a 
dimeric system in which six carbonyl groups are 
terminally coordinated with three on each metal atom. In 
addition, the two hydrides and the dppm ligand bridges 
the two metal atoms. The Re-Re bond distance, at 2.893A, 
is significantly shorter than expected for a single Re-Re 
bond. A metal-metal double bond has been proposed in 
order to satisfy the EAN rule. The structure is shown in 
Fig . 40. 
Similar reactions of Re 3 ( CO ) ■]_ 2^^ 3 with 
tedip [(EtO)2POP(OEt)2) gives the analogous Re2(CO)g(u- 
2 19 
H2)(u-tedip) complex. 
However, reactions of Re3(CO)j_2H3 with 
dppe gives, in addition to other products, a colourless 










compared to the remaining four CO groups which have no 
1 igands vjith rr-acceptor properties. It has been 
suggested that this is partly due to the competition for 
dTT electron density between the carbonyls and phosphorus. 
The reaction of Re2(CO)g(P-P) (P- 
P=dppm,dmpm) with MeOH proceeds similarly to that of 
Re2 (CO ) g (dppim) with H2O and gives Re9 (CO) g ( u-H ) ( y-OMe ) {P- 
P) and Re2(CO)g(OMe)2(P“P) respectively. 
The authors"" have suggested that 
metal-metal bond homolysis is involved in the formation 
of these complexes. However, the bridging ligand in 
Re 2(CO)g(P-P) (P-P=dppm,dmpm) retains the two metal 
centers in close proximity and the radicals produced by 
photolysis rapidly reform the metal-metal bond. This 
reformation competes with ligand substitution for CO. 
Furthermore, the steric and electronic properties of the 
piiosphine ligands have also been suggested to reduce the 
labilities of carbonyl radicals toward substitution. At 
the same time, prolonged irradiation makes other 
pathways, particularly CO dissociation, more likely. 
Photolysis of Re2(CO)g(P-P) with ROH (R=H, Me) has been 
suggested to occur via either dissociation or homolytic 
metal-metal bond cleavage. Dissociation of CO would 
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result in the formation of the coordinatively unsaturated 
species Re 2 ( CO )-j ( P-P ) which could pick up one ROH group 
followed by dissociation of a CO group from the other 
metal center, thus forming Rc2(CO)g(u-H)(u-OR)(P-P) via 
an O-H oxidative addition process. The same product is 
obtained via homolytic bond cleavage which is followed by 
the substitution of a CO group on each metal center by 
ROH, reformation of the metal-metal bond , and then loss 
of the one of the ROH groups followed by O-H oxidative 
addition process, forming finally Re2(CO)g(g-H)(u-OR)(P- 
P) . 
Only a few heterobinuclear complexes 
from this subgroup have been reported and these are 
listed in Table[6]. Thus, recently, Hoskins, Steen and 
Turney"^ have reported that when a mixture of Mn(C0)5X 
(X=C1, Br, I) and Pd(dba)2 (dba=dibenzylidene acetone) 
and dppm is stirred in hot toluene followed by refluxing 
for 30 minutes, deep-red crystalline complexes are 
produced. These can also be prepared by treating 
Na[Mn(CO)^] with Pd2Cl2(dppm)2 in THF at 0"C. One of 
these complexes was characterized by a single crystal X- 
ray diffraction study which showed that the molecule 
consists of an essentially planar (CO)2MnPdBr unit which 
is approximately perpendicular to the plane containing 
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four phosphorus atoms of the two bridging dpprn ligands. 
The Mn atom is s ix-coord 1 n.ate having an edge-capping 
trigonal bipyramidal geometry where the metal-metal bond 
occupies the capping position. The three CO groups form 
the trigonal plane. The remaining two sites of the t.ta.p. 
are occupied by the two pihosphorus atoms from the 
bridging dppm as shown in Fig.44. The Mn-C distance is 
comparatively long while the Mn-C-0 bond Is close to 
linear, suggesting the presence of bridging CO and the 
absence of Pd-0 interactions. On the basis of these 
observations, together with a vCO band in the i.r. 
spectrum at 1860 cm~", the authors have suggested the 
presence of a semi-bridging carbonyl group. It has been 
further suggested that the gross distortion of the 
carbonyl geometry is probably the result of substantial 
steric pressure arising from the CO ligands themselves 
and the phenyl groups of the dppm ligands which force 
two of the CO groups into the cavity surrounding the Pd 
atom, resulting in a relatively close approach made by Pd 
to two CO groups. 
The analogous complexes, MnPt(CO)(dppm)^ 
where Pt takes the place of Pd, have been reported^"^ as 
being formed when mer-[Mn(CO)2^(dppm)(n"-dppm)] (X=C1, 






On treatment of these bimetallic complexes 
with an excess of HBF^.Et20, the deep red crystalline 
complexes [ MnPt ( CO ) ( X ) (dppm) 2 J BF^ are obtained'""'^ 
(X=C1, Br). However, the i.r. spectra show that the CO 
groups are now entirely terminal. in addition X-ray 
analysis on the Cl complex reveals that the Mn and Pt 
atoms are linked by two dppm bridges forming an eight 
membered MnP_^C2Pt ring in the boat conformation as shown 
in Fig.45. The n.m.r. spectrum shows a sharp singlet 
for the CH2 group, with satellites due to ^^^Pt coupling, 
and it did not resolve from room temperature to -90'"'c, 
indicating that the hydride in this complex moves 
rapidly from one side of the P^ plane to the other 
causing equivalence of the CH., hydrogens. 
It 
Complexes of the type [MnM(CO)^Cl(dppm)2]PFg 
(M=Rh, Ir) have also been reported to form"*^’ when 
Mn(CO)2CI(dppm)(n^-dppm) is treated under a CO atmosphere 
with Rh2(CO)^Cl2 and Ir(CO)2CI(H2NCgH^Me-P) respectively. 
Very recently, Carr, Shaw and Pett'^'^'* have 
reported that when Re(CO)2CI(dppm)(g^-dppm) is treated 
with Rh2Cl2(C2H^), a yellow complex is obtained. The P 
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n.rn.r. spectrum shows a singlet and a doublet at S=6.9 
and 28.0 respectively of equal total relative intensity. 
This is in contrast to the general AA'XX' or AA'BB* 
pattern frequently observed in the spectra of 
heterobimetallics where dppm bridges the two metals. The 
i.r. spectrum shows two vCO bands at 1952 and 1849 cm“". 
A single-crystal X-ray diffraction study shows that the 
(CO) 2^0 (jj-Cl) 2Rh(C-2H^ ) unit is approximately 
perpendicular to the plane of the four phosphorus atoms, 
the two CO ligands are terminally coordinated to the Re 
atom and the two Cl atoms symmetrically bridge the Re and 
Rh atoms. In addition, n'^“terminally bonded to 
the Rh atom, with a long C-C distance, while the Re-C 
distance in the ReC2H^ unit is short suggesting that ^2!!^ 
is unusually strongly bonded to the Rh. It has been 
suggested that this may be due to the strongly donating 
phosphine ligands promoting back bonding of the type 
is 1 drr (Rh)(C2H^). Moreover, the n.rn.r. spectrum shows 
the C^H^ resonance at 0.98 ppm, again suggesting unusual 
bonding of the which this unit is coordinated 
into a Rh-cyclopropane type of structure as shown in 
Fig.46 . 
1.3.6. Fe, Ru and Os: 
Complex Metal Ref 
[MLXCPRj)3CZI 
















Method of syntheses and comments 
Fe,RU,OS 
Fe,Os 













pb,d R=ph;X=Z=Cl 238 
I® R=N2Ph;H2Ph;X=H,D 239 










H X=Cl,MecN;R'=PH2Ph,HCS2;R=Cy,Ph 240 
H Y=H,D,N3,N0,NC0,HC0,N02,MeC02,Cl, 236 
Br, I,;Z = BF^;a = 0,1 
nb,c R'=N2Ph,NO;R=Cy,Ph,Me2Ph,MePh2, 244 
OMe,OPh,Et3;Z=BF^,BPh^ 239 
3 R3=Ph3,MePh2; 244 
259 
0“^, X = H,OAC,Cl,I;R' = H,Me,SMe,CF2H, 240, 








































































la,5 X=Cp;a = l,2;R'=PEt3,PPh3,P(OMe >3 



































[ML(X) (Y)^(P-P) HZ] 
[M2L(Cp)2X(P-P)1tZlg 











































QC p-p=dppe;dppee;Z=BPh^;PFg;SbFg,Cl 281 
ia,e x=Cp,COD;n=0,l 318 
C P-P=dmpe 283,294 
H,C P-P=dppm,dppe,depe,dppp 285 
X=H,CHO'^^CHO,CDO;L=CO,^^CO 286 
Z=SbFg;BEt4,PFg;a=0,l 
H®, P-P=dppm;dppe,dppp,;Y=Cp;X=I, 281 
a=0,1;Z=BF^,BPh^,SbFg,Cl2 
P-P=dmpm,dppe 283,294 
F^ X=I;P-P=dppm 290 
D^, X=N0,Cp,COD;P-P=dppm,dppe 234,163 
F® Z=PFg;n=0,l 318 
pb,e p-p=<3ppni,dmpm,dppe , dppea 231,292 
Z=BPh^,SbFg,Cl2;n=0,l 293,162 
pb p-p=dppra,dppe,dppee,dppea; 281,292 
dppea=Ph2PNEtPPh2; 
dpp0e=Ph2PC2H2PPh 2 
Rb p-p^dppe;X=I 281 















































Complexes Commeats Rs£ 
CMM'L^X^P-P) 1 M=Os;M'=Rh;X=Cl,Br 307 
P-P=dppm 
[MM'L3X(P-P) ] M=Ru;M'=Rh;X=Cl 
P-P=dppm 306 
[MM'L3R(P-P) ] M=Fe;M'Co,Rh;R = C2H2,(NO) 3 305, 313 
P-P=dppe 
CMM'L4X2(P-P> 1 M=Fe;M'=Pt;X=Br 299 
P-P=dppm 
[MM'L5X(P-P) 1 M=Fe;M'=Rh;X=Cl 299 
p-p=dppm 




CMM'Lg(P-P)2] M=Fe;M'=Cr 283, 
P-P=dmpm 309 
[MM'LgR(Y)] M=Ru;M'=Co;R=PMe3,PPh3,PPh2Me,PMe2Ph, 310 
(Ph2PC33Bu*^) j^;Ph2PC=CPh 
Y=PPh2;n=l,2 
[MM'L^(PR2)1 M=Fe;M'=Co 300 
R=Ph 
[MM'L^XCP-P)1 M=Fe;M'Mn;X=Br 307 
P-P=dppm 
[MM'LgXg(Y)] M=Fe,Os;M'=Mn,Re 302,301, 
X=Br,H;a=0,l;Y=PMe3,PPh2,dppm 
[MM'Lg(P-P)] M=Fe;M'=Mo,Ru 302,307 
P-P=dppm,dppe 
[MM'Lg(Y)l M=Fe,Os;M'=Mo,W 303,307 
Y=PMe3,dppm 
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Again^ froru t-his group, a very large 
number of complexes showing a wide varity of structural 
types has been prepared using mono and bisphosphines. 
Representative examples are listed in Table[7], and these 
can be conveniently generalized by the formula [M(CO)^_ 
] where n=5,z=l or 2 and x=l-4; M=Fe,Ru,Os; L=CO; 
Y=phosphine. 
Highly substituted complexes of the type 
( M (CO ) Yj^_^ ] [ Z ] (a = l,2, b = 4) with monophosphines have 
been reported for all three metals. Thus, Johnson and 
Segal " have reported that when PM02Ph is added to a 
solution of [Fe2(CO)2(NO)(PMe2Ph)]2C] a complex 
formulated, on the basis of analytical and i.r. data, as 
Fe(CO){NO)(PMe2Ph)3 was obtained. In a similar reaction, 
they also prepared [ Fe (CO )(NO ){P ( OMe )-,}■-.][ PF ]. However, 
- - 6 
when PP^’^3 used in analogous reactions, the 
fact that monocarbonyl complexes were not formed was 
attributed to the steric bulk in these ligands. The 
analogous Ru and Os complexes were prepared^""' where 
[M(CO)2(NO)(PR3)2HBPh^] (R=Ph,Cy,MePh2) was reacted with 
PR^ under refluxing conditions. X-ray diffraction results 
on the complex [Ru(NO)(dppe)2][BPh^] “ “ ’ and 
[ Os ( CO ) 2 ( NO ) ( PPh^ ) 2 ] f ^ showed the metals to be 
coordinated in a trigonal bipyramidal geometry with 
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linearly bontled NO located in the equatorial plane of the 
trigonal bipyramid. However, treatment of complexes of 
the type M(CO)2(NO)X(PR3)2 (M=Ru,Os) with halide ions 
resulted in attack at the metal center leading to neutral 
complexes of the type M(CO)(NO)(PR^)3 (X=halide). In 
contrast, reactions with methoxide ion (when M=Fe,Os) 
occurred at coordinated carbonyl sites, forming neutral 
carboxy-derivatives, which were isolated and 
characterized except for the Ru compound which could not 
be isolated due to its i ns tab i 1 i ty . " " 
A red dimeric complex of Os was 
obtained“~" when Os(IV) chloride was treated with 
and concentrated in 2-methoxyethanol. The complex, 
formulated as [053(CO)Cl 3(PPh^)^]Cl 3, shows i.r. signals 
consistent with a terminally coordinated CO and bridging 
Cl groups although no further details were given. 
Moers et^a]^ repor ted " that on passing 
CO gas through an ethanolic solution containing M(III) or 
M(IV) halide salts (M=Ru,Os) in the presence of PCy3 or 
simply by mixing these metal salts with ““ 
methoxyethano1 and heating over an extended period of 
time, orange to brown complexes were obtained. On the 
basis of analytical and i.r. data the authors proposed 
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that the complexes have £ive-coordinated square pyramidal 
structures, with phosphine ligands occupying, for steric 
reasons, trans-positions as shown in Fig.47, 
Similarly, carbonyl hydride complexes o£ 
Ru and Os were also obtained on treatment of either 
hydrated metal chlorides with ethanolic potassium 
hydroxide in the presence of phosphine ligands or by 
treating metal(IV) chlorides with potassium hydroxide 
and phosphines at elevated temperatures, giving systems 
which were charac ter i zed " ^ ^ ^^” by analytical and 
spectroscopic data as M(CO)HX(PPh^)3 (X-H,Cl,Br). 
In addition, alcoholysis of 
M(CO)(NO^)2(PPh^)2 (M=Ru,Os) type complexes results in 
the formation of white, crystalline hydrido carbonyl 
4 7 
complexes.^ n.m.r studies reveal the hydride signal 
as a high field triplet while the ^^P spectrum shows a 
O -1 
singlet due to magnetically equivalent '^-^P nuclei. These 
results, together with l.r. and other evidence, suggested 
the structures shown in Fig, 48(a) and (b) for these 
carbonyl hydrido complexes. However, the relatively high 
values of the hydride resonances in the n.m.r. 
spectrum and the vM-H frequencies in the i.r. spectrum 




















Di- and tri-substituted complexes of 
the type M(CO) ^ (PP^i3 ) 2 M( CO ) 2 ( PPh^ ) 3 have been 
prepared for all three metals. Thus, the reactions of 
Fe(CO)2(C^Hg) with PPhg in ethylcyclohexane produced a 
yellow solution which, on chromatography, yielded a 
yellow complex formulated (analytical and i.r. results) 
as Fe(CO)2(PPh3)2 *" This complex can also be prepared 
by treating FeCCO)^ with PPhg at elevated temperatures in 
an evacuated sealed tube.^"' The presence of a single vCO 
band in the i.r. spectrum has been interpreted as being 
due to a molecule with symmetry in which the CO is 
assigned to the trans-geometry. 
On the other hand, when PPhg was treated 
with Fe(CO)3(C^H^) in a manner similar to that described 
above for the derivative, another yellow complex was 
obtained which was formulated as Fe(CO)3(PPh3)3.""’ Two 
strong bands in the vco region in the i.r. spectrum were 
interpreted as being due to the presence of two isomers 
having trigonal bipyramidal structures with the CO groups 
occuping either the axial positions or adjacent positions 
to one another. 
The similar Ru and Os compounds, 
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M(CO) 2 {PPh^ ) 2/• M=RU,OS, have been prepared from reactions 
of M(CO)^ with PPh^- These complexes react with 
hydrogen at elevated temperatures and pressures in THF to 
form the colourless complexes M(CO)2H2(PPh^)2• N.m.r. and 
i.r. data show"^" that these complexes have the structure 
shown in Fig . 49 . 
Monosubstituted derivatives of the type 
M(C0)^(PPh2) have been reported for all three metals. 
Thus, Fe(CO)^(PPh^) has been prepared from the reaction 
of Fe(CO)j with PP^3 and spectroscopic data are 
consistent with the molecule having 03^ symmetry*'" . The 
analogous Ru and Os complexes have been prepared by 
treating M(CO)^ compounds (M=Ru,Os) with one equivalent 
of PPh3 in THF under UV irradiation."^^ 
A wide variety of bisphosphine complexes 
is known. For example, Haines and Dupreez"’"" reported 
that treatment of Fe(CO)3(Cp)Cl with dppe or cls-dppee in 
THF under UV irradiation in the presence of certain 
anions, produced yellow complexes formulated as 
[Fe(CO) (Cp) (P-P) ] [ Z ] , (P-P==dppe,cis-dppee; Z = BPh^ or SbFg ) 
Similarly, when Fe(C0)2(Cp)I was treated with dppm under 
refluxing conditions in benzene, a green complex 
formulated, on a similar basis, as [Fe(CO)(Cp)(dppm)]I 
was obtained. 
Another example o£ CO displacement by a 
phosphine is illustrated by tlie tact that treatment of 
RU2 ( CO ) 2 ( Cp ) 2CH2 with dppm under U.V. light produces"'"' 
the complex RU2(CO)(Cp)2(CH2)(dppm) which can be 
protonated with HBF^,OEt2 to form 
[RU2(CO)(Cp)2(Me)(dppm)]^, isolated as the salt. 
Slow crystallization of the latter from THF-Hexane, 
resulted in the formation of [ RU2 ( CO ) ( Cp ) ., ( CH ) ( dppm) ] BF^ 
A single crystal X-ray diffraction study on this orange 
complex revealed that the Cp ligands are cis to each 
other, due to the coordination of the dppm ligand having 
bulky phenyl groups. The central Ru2(u-c)2 unit is 
somewhat puckered and the u-CH ligand bridges the RU2 
units symmetrically with the RU2(CH) being near planar as 
shown in Fig.50. 
These authors further noted that the 
Ru(p-CH) distance at 1.937(7)& was significantly shorter 
than the Ru(u-CO) distance at 2.028(6)A, which is 
attributed to the superior Ti-acceptor qualities of CH"^ as 
comp.ared to CO. It was further suggested that the 
formation of these complexes probably involves a 





its radical cation which loses a hydrogen radical upon 
treatment with Ph^C* to give the |J-CH complex. However, 
the U-CHT complex could not be converted into the u.-CH 
complex upon treatment with [Ph^ClLBF^]. Furthermore, 
the p.-CH complex, even under 1 atm, ot hydrogen, does 
not revert to the u-CH^ complex. 
Johnson and Segal reported"'" that when 
M(CO)(NO)(PPh^)2CI (M=Ru,Os) are treated with. AgPFg in 
CH2CI2/acetone followed by the addition of dppe, the 
cationic species [M(CO)(NO)(PPh^)(dppe)iPFg is formed. A 
trigonal bipyramldal structure was suggested on the basis 
of i,r . data . 
Very recently, Jones and Libertini''"’ 
reported that when CO gas is passed through a benzene 
solution containing Ru(dmpe)2(PHe^) at 25'C, the pale 
yellow complex Ru(CO)(dmpe)2 is formed. A single crystal 
X-ray diffraction study showed that the molecule has a 
trigonal blpyamidal structure with the CO ligand being on 
an equatorial position as shown in Fig,51. These authors 
suggested that this complex is formed either via an SN2 
type mechanism which involves an octahedral transition 
state formed by the attack of CO at the vacant 
site of the base of the square pyramid in Ru(dmpe) (PMe3) 
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or via reversible dissociation of one end of a drape 
ligand followed by the coordination of the CO and rapid 
dissociation of PMe3. 
In contrast, Hague and Mitchener ‘ ~“ 
reported that when CO gas is passed through an ethanol 
solution containing Ru(III) chloride under refluxing 
conditions followed by the addition of dppm, the yellow 
coraplex Ru(CO)2CI2(dppm) results. Spectroscopic data show 
that the chlorine atoms occupy mutually trans positions 
while the CO groups are ci.s to each other as shown in 
Fig. 52. However, when CO gas is passed through a 
refluxing solution containing trans-RuCl2(dppm)2/ the 
white cationic complexes [Ru(CO)Cl(dppm)2HZ] (Z=C1,BF^ 
or PFg). are formed. Spectroscopic data suggests that 
these complexes are octahedral with tr.ans chlorine and 
CO groups. 
In a very brief report, Khan et_^al*'’"“ 
have described that when Os(111) chloride and Os(IV) 
chloride are treated with dppm and dppe in DMF under 
refluxing conditions following by the addition of a few 
drops of concentrated HCl, the pale-yellow complex 
Os(CO)Cl3(dppm)2 and the green complex Os(CO)Cl(dppe)2 
•are formed respectively. It has been suggested th.at in 
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the dppe complex the chloride ligands occupy trans- 
positions to each other and trans- to a phosphorus atom 
in a mer. arrangment, while n.m.r. spectra of the dppm 
complex show resonances due to the methylene protons of 
dppm ligands consistent with the phosphine acting in both 
a monodentate and bidentate manner. No further details 
were given. 
Hydridocarbonyl complexes containing 
bisphosphine ligands have been reported to form for all 
three metals. Thus, on passing CO gas through an acetone 
solution containing tr.ans-MHCl {depe ) 2 (M=Fe,Ru,Os) and a 
stoichiometric amount of NaBPh^, the yellow to colourless 
complexes [M(CO)H(depe)2HBPh^]““" were formed. Again, no 
further details were given. 
Relatively recently. Smith §.t^a 1." ' ” 
reported that treatment of either trans- 
[Ru(CO)2(dppe)2HZ12 or cis-[RuCO)2(dppm)2HZ]2 (Z=SbFg) 
with Na[HB(OEt)3] or K[HB(OPrM3] resulted in the 
formation of the complexes [Ru(CO)(CHO)(P-P)2HZ] (P- 
P=dppm,dppe). Moreover, treatment with LiCHBEt^) yielded 
the complex [Ru(CO)(CHO)(P-P)2HBEt4] while Li(DBEt3) 
gives the complex [Ru(CO)(CDO)(P-P)2HZ] in which the X- 
ray crystallography shows that the CO and CDO groups are 
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13 t^^ns to each other. The C labelled analogue was also 
1 3 prepared from trans-[Ru( CO)2(dppe)21[Z]2 in a similar 
manner. It was noted that the reaction of t£.'a.ns" 
[Ru(CO)2(dppe)2]CZ]2 with Li(DBEt3) was much slower than 
the reaction with LiCHBEt^). 
p p 
Recently, Wong et^al.^"" have reported 
that when a suspension of FeCl2(dmpm)3 in THE is treated 
with sodium amalgam and pressurized to 60 Psi of CO at 
elevated temperatures over three days, formation of two 
complexes, one yellow and one orange occurred. These 
complexes can also be obtained on pressurizing a hexane 
solution containing Fe(dmpm)3 to 60 Psi of CO over two 
3 1 days. The P n.m.r. spectrum of the yellow complex 
exhibits three resonances, a multipiet, a doublet and a 
singlet of relative intensities 1:2:1 centered at 46.4,- 
6.3 and -58,7 ppm. These resonances has been assigned to 
the P atoms of a coordinated monodentate ligand, a 
bidentate ligand (i.e,chelating ligand) and the 
uncoordinated P atom of a monodentate dmpm ligand 
respectively. In addition, the i.r. spectrum shows two CO 
bands in the terminal carbonyl region indicating a ci.s- 
dicarbonyl configuration, and on the basis of these 
results, a trigonal bipyramidal geometry shown in Fig,53 
has been proposed. The orange compound exhibits a single 




shows a singlet at 47.3 ppm.consistent with a square 
pyramidal structure as shown in Fig. 54. 
Earlier, Wegner reported that 
treatment of FeCCO)^ with dppm under U.V. irradiation 
yielded the yellow complex Fe(CO)^(dppm) in which the 
dppm ligand is coordinated via only one P atom thus 
forming a complex which is clearly closely related to 
that shown in Fig. 53. Similarly, Isaacs and Graham'" " 
reported that reaction of [Fe(CO)2(Cp)(MeCN)][PFg] with 
dppm and dppe in ethanol under refluxing conditions yield 
the yellow complexes [Fe(CO)2(Cp)(P-P)][PFg] (P-P=dppm, 
dppe). Spectroscopic data reveal that the dppm and dppe 
are also coordinated through only one phosphorus atom in 
these complexes. 
There are several examples in which dppm 
acts as a monodentate ligand to Ru. For example, recent 
work of Coville and Darling revealed that the reaction 
of Ru(CO)2(Cp)I with dppm in toluene in the presence of 
Fe(CO)2(n^“C^Me5) as a catalyst results in the formation 
of the yellow complex, Ru(CO)(Cp)I(dppm). Spectroscopic 
evidence suggests that the dppm is bonded to the Ru atom, 
utilizing only one phosphorus atom. In related work, 
o s 0 
Chaudret et^ai."* described that Ru(COD)(dppm)2 reacts 
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with CO gas in toluene to form the yellow complex 
Ru(CO)(COD)(n^-dppm). This 5-coordinated Ru complex is 
monomeric with chelating dppm. However, CO reacts further 
with a solution of this complex in toluene to form 
Ru(CO)2(COD)(n -dppm). Spectroscopic data indicate that 
dppm now bonds through only one phosphorus atom. It is 
interesting to note that it is one of the dppm ligands 
that was substituted rather than the COD, which is 
normally easily displaced from transition metal 
complexes. 
In another recent report, Colombie 
et^al."''^ described that when Ru 3 ( CO ) g ( dppm) is treated 
with iodine in toluene at elevated temperatures, a 
yellow solution forms which, on chromatography, yields 
the two complexes Ru2(CO)4I2(dppm) and Ru(CO)2CI2(dppm). 
The latter is analogous to Ru ( CO ) 9CI2 (dppm) ’shown in 
Fig.52, and an X-ray diffraction study on the former has 
revealed that the two Ru centers are bridged by a dppm 
ligand and two iodine atoms. The octahedral environment 
of each metal atom is achieved by two CO ligands as shown 
in Fig 55. In addition, a metal-metal bond has been 
proposed on the basis of a Ru-Ru distance of 2.7074(6)A, 




Re.-jctlons betwee?n Ru->(Cu .nnd HC(PPh-,)> 
in THF at elevated temperatures have yielded several 
products,"" formulated as M2(CO)^(X)R(P-P) (where X=C1, 
H; R=PPh2, PhPCgH^, PhPCgH^CCO); P-P=dppm, Ph2PCHPPh2)- 
A single-crystal X-ray diffraction study on 
RU2 ( CO ) ^C1 ( PPli2 ) ( dppm) shows that the molecule contains 
two Ru atoms bridged by a PPh2 group, a dppm group and a 
Cl atom. In addition, there are two terminally 
coordinated CO ligands on each metal as shown in Fig.56. 
It was suggested that PPh2 and dppm are presumably 
derived from HC(PPh2)3 by cleavage of a P-C bond to give 
PPh2 and HC(PPh2) followed by the protonation of the 
central carbon atom on the HC(PPh2)2 unit to give dppm. 
The Cl probably comes from CH2CI2 present as solvent of 
crystallization in the solid HC(PPh2)3- The hydrido 
complex RU2(C0) 4Hf.PhPCgH4C(0) } - (Ph2PCHPPh2) has also 
been characterized by an X-ray diffraction study and has 
been shown to have the structure shown in Fig. 57. This 
complex has been suggested to form by the cleavage of a 
P-C bond in HC(PPh2)3 as described above, except that 
instead of being protonated, the central carbon atom 
coordinates to a Ru atom forming Ru-C-P and Ru-P-C-Ru 
rings in a similar way to the formation of (0C)3Fe(u- 
Ph2PCHPPh2 ) FeH ( CO ) 3 " " from the reaction of 
Fe 2 ( CO )-y (dppm) and LiMe. The yellow-brown complex 
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RU2(CO)^(H)(PhPCgH4)(Ph2PCHPPh2 ) was characterized by 
analytical and spectroscopic data, which together with a 
comparison o£ the spectroscop)lc data of the complex 
shown in Fig.57 led to the proposed structure shown in 
F i g . 5 8 . 
In contrast, when RU3(C0)3^2 treated 
with dppe in benzene at elevated temperatures, under 100 
atm. of CO pressure, the pale yellow complex 
Ru(CO)3(dppe) is formed^^^. The available spectroscopic 
evidence favours the structure shown in Fig.59(a), but 
(b) cannot be ruled out at the present time. 
Cotton and Troup"" have reported that 
when Fe2(CO)g is treated with dppm in THF, a brown 
crystalline complex results.The molecule contains two 
iron atoms, each having three terminally coordinated CO 
ligands connected by a relatively long Fe-Fe bond at 
2.709A, and symmetrically bridged by a CO and a dppm 
ligand. The geometry around each iron atom is roughly 
trigonal bipyrarnidal with a P atom at an apical position 
as shown in Fig.60. n.m.r. spectroscopy in the CO 
region shows only a triplet with 1:2:1 intensity, 
consistent with the rapid scrambling of CO ligands over 
all sites, with the bridging and terminal CO ligands 
interchanging at a rate faste;r than can be detected on 
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too 
the n.m.r. time scale. 
In contrast, Newton et_i_a 1.. ' reported 
that treatment of Fe3(CO)22 with dFPma, CH3N(PF2)2/ 
boiling THF solution, followed by rapid removal of 
solvent and recrystallization of the product from CH2CI2, 
results in the formation of [Fe(CO)3(dFPma)]2■ A single- 
crystal X-ray diffraction study revealed that there are 
two bridging dFPma units and each rnetal has three 
terminally coordinated CO ligands. An interesting feature 
of this complex is the geometry around each iron atom 
which is square pyramidal rather than the usual trigonal 
bipyramidal, as shown in Fig.61. One of the CO ligands 
occupies the apical position while two CO groups together 
with two P atoms of dFPma are at the basal positions. 
However, this complex is unstable at rotjm temperature and 
evolves CO to form Fe2 ( CO )'5 (dFPma ) 2 ■ This can also be 
prepared (a) from the reaction of Fe3(CO)j^2 with dFPma in 
boiling ether or THF over several hours or in hexane at 
room temperature over an extended period of time and (b) 
from the reaction of Fe(C0)5 with dFPma in ether under 
U.V. irradiation. X-ray diffraction reveals^ ‘ that each 
iron atom is coordinated to two terminal CO ligands, and 
the two metals are bridged by two dFPma groups and a CO 
ligand as shown in Fig.62. The geometry around each metal 
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atom can be best regarded as either a distorted 
octahedron or a trigonal bipyraraid depending upon whether 
a coordination position is allocated to the metal-metal 
bond. An interesting difference between the structures 
shown in Fig.61 and 62, containing the same bidentate 
ligands, is the existence of a metal-metal bond in the 
former. Newton e t_^al., “ ^ " have reported that Fe2(C0)g 
reacts with dFPma in ether at room temperature to give a 
mixture of yellow Fe2(CO)g(dFPma) and red-orange 
Fe 2 ( CO )-y (dFPma ) complexes. They have suggested that the 
latter is analogous to Fe 2 ( CO )-y (dppm) " " shown in Fig.60 
while the former has been assigned the structure shown in 
Fig.63. Analogous complexes having similar structures 
were also reported for the ligands dppm, dppe, dppp and 
dppb earlier by Wegner e t _^a " who reacted Fe ( CO ) 5 
with the appropriate ligand in benzene under U.V. 
irradiation conditions. 
Similarly, King and Raghuveer^“ reported 
that Fe2(CO)g reacts with drnpm in THF under U.V. 
irradiation to produce the red complex Fe2(CO)5(dmpm)2/ 
h.aving an analogous structure to that of Fe 2 ( CO) 5 (dFPma ) 2 
shown in Fig.62. In contrast, when Fe2(C0)g is treated 
with dmpm in Et20 over an extended period of time, the 
orange complex Fe 2 ( CO ){dmpm) is obtained. These authors 
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h-ave suggested that this complex has a structure 
analogous to that of the dppm complex"' shown in Fig.60. 
However, when a toluene solution containing 
[Fe(CO)2(Cp)]2 is reacted with dppm under refluxing 
conditions over an extended period of time, a green 
complex, shown to be Fe2(CO)2(Cp)2(dmpm), is formed. The 
proposed structure is shown in Fig.64. 
Analogous complexes containing dppm, dppe, cis-dppee, 
dppp and dppea ligands have also been prepared.” / *• ‘■ 
In another interesting study, Brouce 
et^al.'" reported that Ru3(CO)^2 i^eacts with cls-dppee, 
in THF in the presence of a catalyst, to form a pale 
yellow complex , which can also be prepared either by 
refluxing Ru3(CO)j^2 with cls-dppee in refluxing THF or 
via pyrolysis of RU3 (CO) (cls-dppee ) in THF. X-ray 
diffraction shows that the complex is binuclear with a 
cls-dppee ligand bridging the two metal atoms in such a 
way that both phosphorus atoms are bonded to one Ru atom 
while the olefinic double bond is coordinated to the 
other Ru atom. Three carbonyl groups on each metal 
complete the coordination as shown in Fig.65. On the 
basis of these findings, a Ruj^ donor interaction 
has been suggested. It has also been reported that when 






refluxing conditions, a yellow complex was isolated and 
characterized, on the basis of elemental analysis and 
spectroscopic data, as Ru^(CO)^(dppm)(cis-dppee) where 
the dppm ligand also occupies a bridging position as 
shown in Fig,66. 
Several bimetallic complexes, listed in 
Table.[7], have been reported from this subgroup. 
3 Q 3 
For example, Laggo et^ai^. reported that a rapid and 
specific ring opening reaction occurs when trans- 
OsCl2(dppm)2 is treated with R}i2 (00)4012 in methylene 
chloride in a 1:1 molar ratio forming the orange complex 
OsRh(00)2CI3(dppm)2• Treatment of this with a variety of 
reagents, such as LiBr, Nal, NaN3, KSCN, produce 
complexes of the type OsRh(00)3Y2X(dppm)2 where 
X=Br,I,N3,SON and Y=C1. An X-ray structural determination 
on the complex where Y=C1 and X=Br reveals that the dppm 
and CO ligands bridge the two metal atoms, the Br atom is 
coordinated to Ru and the two Cl atoms are coordinated to 
Os as shown in Fig.67. However, addition of a large 
excess of LiBr or Nal (30 fold) in boiling methylethyl 
ketone resulted in the formation of complexes wtiere 
X = Y=Br and X=^Y = I, respectively. All of these complexes 
are presumed to have similar structures, as shown in 




In contrast, the reaction between 
RuH2(dppm)2 and [RhCl(C0D)]2 in toluene at room 
temperature yields the heterobimeta11ic complex 
RuRhH2Cl(COD)(dppm)2“• Treatment o£ this complex with 
CO results in the formation of RuRh(CO)3CI(dppm)2 for 
which spectroscopic studies suggest that the dppm and at 
least one CO are bridging. The proposed structure is 
shown in Fig,68, and has two CO groups terminally 
coordinated to the Ru atom while the Cl is terminally 
bonded to the Rh "atom. 
Q = 
Recently, Lin and Takats have reported 
that varying amounts of CO can be replaced by phosphines 
in the bimetallic complex, FeRh(CO)5(C^H^). For example, 
reaction with one mole of PMe3 or PPh-^ produces 
FeRh ( CO ) 4 ( C^ H-y ) ( PR3 ) (R = Me,Ph) but the use of two moles 
of PM63 or one mole of a bisphosphine produces 
FeRh ( CO) 3 (C-yH^ ) (P-P ) (P-P = 2PMe3, dppm, dppe, dmpe ) . A 
single crystal X-ray diffraction study on the dppe 
complex revealed that the C-jH-y group and one CO ligand 
bridge the two metals while two CO ligands are 
terminally coordinated to the Fe atom. In addition, dppe 
is bonded in a chelating fashion to the Rh atom as shown 
in Fig.69. Similar structures were also suggested for the 
.108 
dppra, drape and PMe3 analogues. 
Very recently, Jacobsen 
reported that the reaction of Fe(CO)^(n^-dppm) with 
Rh2(CO)^Cl2 in a 1:0.5 molar ratio in benzene rapidly 
forms FeRh(CO)5CI(dppm). The i.r. spectrum shows only 
terminal carbonyl groups as confirmed by single crystal 
X-ray diffraction which revealed that the two metal atoms 
are bridged by a single dppm ligand, EIS shown in Fig. 70. 
A metal-metal distance of 2.699.A suggests the presence of 
a metal-metal bond which Is thought to be largely of the 
donor-acceptor type vlz.Fe *Rh. 
In contrast, the reaction of Fe(CO)^(n"- 
dppm) with PtX2(COD) (X=Cl,Br) produces"’' 
FePt(CO)^X2(dppm), the i.r. spectra of which indicate the 
presence of both terminal and bridging CO ligands. An X- 
ray diffraction study"^ on the Br complex shows that the 
molecule has the structure shown in Fig.71. The metal- 
metal distance of 2.647 A. is consistent with the 
presence of a metal-metal bond. There appears to be a 
very weak interaction between the Pt and the CO, {i.e., 
the CO is best described as a bridging ligand) and this 
is consistent with the position of vCO at 1860cm The 
bonding between Fe and Pt is unusual and is largely of 
109 
the donor acceptor type, vis Fe Pt. This appe.ars to )je 
the only reported example so far of a crystal structure 
of a bimetallic complex containing a Fe-Pt bond. The same 
1 
authors have also reported that treatment of Fe(C0)^(n - 
dppm) with PdCl2(PhCN)2 results in the formation of a 
complex characterized, only in solution, as 
FePd(CO)^Cl2(dpprn). Similarly, treatment of Fe(CO)^(n^- 
vdpp) with Rh2(CO)4Cl2 yields FeRh(CO)5CI(vdpp), believed 
to have an analogous structure to that of 
FeRh(CO)5CI(dppm), shown in Fig.70. 
Recently, Wong et_j_al.""^ reported that 
when a solution of Fe(dmpm)2(n"-dmpm) in THF is treated 
with Cr(CO)g under U.V. irradiation over an extended 
period of time, a red crystalline complex thought to be 
F e C r ( C 0 ) ^ {d m p m) 2 i u o b t a l n e d , H 0 we v e r , x - r a y d 11 £ t a c t i o n 
reveals'"^ the presence of six CO groups, i.e. there are 
two M(C0)3 units bridged by two dmpm ligands. The 
geometry around the iron is distorted trigonal 
blpyramidal while Cr is in a distorted square pyramidal 
arrangement as shown in Fig.72. Electron counting 
indicates 18 electrons at iron but only 16 electrons at 
Cr, and the authors have suggested a donor-acceptor type 
of interaction between the metals, viz. Fe >Cr, might be 
involved even though the Fe-Cr bond distance is quite 
1 1 0 





long at 3.111A. 
Benson §.tj_al/ in an earlier study, 
reported that on treatment of Fe(CO)^(PPh2H) with 
00(00)3 (11-03115), the brown complex FeCc ( CO )-^ (PPii2 ) is 
obtained. Spectroscopic data suggest that the PPh2 group 
symmetrically bridges the two metal atoms, and the 
carbonyls are terminally coordinated as shown in Fig.32. 
Similarly, reactions with Mn (CO) (T1-C3H5 ) give the 
related complex FeMn(CO)3(PPh2), believed to have a 
structure analogous to that shown in Fig.73. 
Relatively recently, Coleman §.t _^_a ~ “ 
reported that when {RuCl2(p-Cymene)}2(dppe) is treated 
with Fe2(CO)g in benzene under refluxing conditions, the 
yellow complex FeRu(CO)g(dppe) is obtained. Spectroscopic 
studies suggest the presence of only terminal CO groups 
and a bridging dppe unit, as shown in Fig.74. 
Even more recently, Jacobsen et^a1."" 
reported that Fe(CO)4(n^-P-P) (P-P = dppm or vdpp) reacts 
with Mn(C0)5Br in toluene at elevated temperatures to 
produce FeMn ( CO )-^Br ( P-P ) (P-P=dppm or vdpp). Similarly, 
when [Fe(CO)4(n^-dppm)] is treated with Mo(CO)^(nbd) in 
benzene it forms an analogous orange complex. An X-ray 
1 1 2 
O C 




diffraction study shows'"^’ that Fe(CO)^ and Mo(CO)^ units 
are linked together by a single dppm bridge giving a five 
membered FePCPMo ring. The Fe-Mo distance of 3.024A 
indicates the presence of a metal-metal bond as shown in 
Fig.75. In order to satisfy an 18 electron configuration 
on eacli metal, it has been suggested that this is another 
example where the metal-metal bond is of the donor- 
acceptor type, viz Fe »Mo. These authors also reported 
that when CO gas is passed through a benzene solution of 
FeMn ( CO )-y ( dppm) , the yellow complex FeMn ( CO ) gBr (dppm) 
results. When a solution of this complex in benzene is 
treated with N2, it loses one CO molecule and reverts to 
FeMn ( CO )-yBr (dppm) . Similarly, when FeMo ( CO ) g ( dppm) is 
treated with CO gas in methylene chloride solution over 
an extended period of time the complex FeMo(CO)q(dppm) is 
formed which was characterized only in solution. 
1.3.7. Co, Rh and Ir: 
Again, a large number of phosphine- 
substituted carbonyl complexes have been prepared from 
this subgroup and representative examples of these are 
listed in Table [8]. These complexes can be conveniently 
generalized by the formula [ M (CO) 5 I ^ where Y- 















































































































A^,C R = Me,Et, Bu'^,Rh, (OMe ) ,Ph 
G^, J 
Co A R = Bu'^,Cy,Ph,OMe,OEt;OPr ^ 
Co,Rh, B,C® P-P=dppm,dppe,dmpe,dppp,dppb 
Ir D,F,G Z=Cl,Br,I,BF4,BPh4,C104,Pz 
{S2P(OPh)2>,{S2PCy2l 
Rh E P-P=dppm,X-Y,Br,I;X=Br, 
y=SO2;Z=Pr;a=0,l 
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Otsaka and Rossi have reported that 
Co (CO) (C0H2^3 ) (C0H2^2 5 reacts with several phosphines (PR3) 
in toluene at low temperature, producing the dark brown 
complexes Co ( CO ) (CgH;;^3 ) (PR3 ) , ( R = Ph, OPh, MePh2 ) • These 
complexes react further with free ligands at elevated 
temperatures to produce the hydride complexes 
Co(CO)H(PR3)3. The Rh and ir analogues of these hydrides 
were prepared by reducing M(CO)Cl(PPh3)3 with 
3 2 t 
hydrazine . The Rh analogue has also been reported to 
form^'"'^ when trans-Rh ( CO ) Cl (PPh3 ) 3 is treated with NaBH^ 
in the presence of PPhg, in refluxing ethanol solution. 
In addition, treatment of RhCl3-3H20 with PPhg in 
refluxing ethanol followed by the addition of aqueous 
formaldehyde yields trans-Rh(CO)Cl(PPh3)3, which on 
further treatment with NaBH^ , gives the hydrido complex 
Rh(CO)H(PPhg)3, Hydrogen-deuterium exchange occurs when 
deuterium is passed through the benzene solution of the 
latter, producing Rh(CO)D(PPh3)3. An X-ray diffraction 
study " *'^ on Rh ( CO ) H (PPhg ) 3 revealed that the molecule has 
a trigonal bipyramidal geometry with all three phosphine 
groups occupying equatorial sites and trans hydride and 
carbonyl groups. Similar structures have been suggested 
320 321 
for the Co and Ir complexes. ' When CO gas is passed 
through a suspension of Rh(CO)2(PPh3)3 in cyclohexane. 
119 
the yellow, d i me r i c c omp lex [ R li (CO ) 2 (P P h ^ ) 2 ^ 2 ^^ *■' ^ ’ 
However, when solutions of Rh(CO)H(PPh3)3 are treated 
with CO followed by concentration with molecular 
nitrogen, the red complexes [Rh(CO)3(PPh3)3(3)]3 
(S=EtOH,CH2CI2) are obtained. Similarly, treatment of a 
benzene solution of the ethanol solvate with molecular 
hydrogen, or alternatively by stirring Rh(CO)H{PPh3)3 in 
benzene solution under N2 gas over 24 hrs. followed by 
vacuum concentration, produces the orange complex 
[Rh(CO)(PPh3)2]2 * ^ four-center transition state has been 
suggested as being involved in the formation of this 
complex as shown in Scheme.J. Furthermore, it was noted 
that on treatment of this orange complex with CO in the 
presence of PPh3, the closely related, yellow, dimeric 
complex [Rh(CO)2(PPh3)2 I 2 obtained. This is also 
reported to form""* when benzene solutions of Rhg(CO)j_g 
are treated with PPh3 under a slow stream of CO gas. I.r. 
spectroscopic data show the presence of both bridging and 
terminal CO groups and on this basis, the structure 
shown in Fig.76 has been proposed. The variety of 
interesting reactions which this species undergoes is 
illustrated in Scheme II. 
Klein and Karsch"^" reported that 
reactions of CoX(PMe3)3 (X=C1, Br, I) with CO gas under 
1 20 
Fig. 78. 
different conditions yield either the red complexes 
characterised | as Co(CQ)X(PMe3)3 having structures 
analogous to| that of Rh ( CO ) H (PPh3 ) 3, “ “or the neutral 
dicarbonyl cclmplexes Co (CO ) 2X ( PMe3 ) 3 probably having a 
trigonal b i pyrarnida 1. geometry with axial PMe 3 ligands. 
Treatment ofj Co(CO)X(PMe3)3 with more PMe3 at ambient 
temperatures bver extended periods of time yield the 
cationic complexes formulated as [Co(CO)(PMe3)4]1Z] 
(Z=C1, Br, Ij) with a proposed square-pyrarnida 1 geometry 
with CO bein^ in the apical position. 
H H 
2 [Rh(c:0)H(PPh3 ) ] --- [Ph3P—Rh Rh--PPh3] 
^2PPh3 i -H2 
PPh- PPh- 
OC Rh Rh CO 
PPh3 PPh3 
Scheme [I]. 
1 2 2 
H 
i ' Perchlorate complexes of all three 
|... 
metals have been prepared. For example, treatment of 
M (CO ) Cl (PPhjj) 2 (M=Rh, Ir) with AgClO^ in the absence of 
light results in the formation of the complexes 
character izied as M( CO) (ClO^ ) (PPh3 ) 2^ where CIO4 is 
coordinateeji with the metal via a covalent metal-0Cl03 
linkage. These react further with PPh3 to form the. 
tetragonal! cationic complexes CM(CO)(PPh3)3}[CIO4]. On 
the other ^and, treatment of Co(CO)2CI(PPh3)3 with AgCLO^ 
I 
under sijnilar conditions gives five coordinated 
Co (CO) 2 ( Cljo^ ) (?Ph3 ) 2 complex. These complexes present 
_ I T R 
apparentl^l the first examples of M* (d ) perchlorate 
complexes |of the transition metals. 
123 
I Carbonyl phosphine complexes 
incorporating |the eyelopentadienyl group ot the type 
M(CO) (Cp) (PPh-jj) , (M=Co,Rh, Ir ) are known. For example 
Oliver and Grlaham'’ ” have reported the synthesis o£ the 
Ir compound |by reaction between I r ( CO) Cl (PPI13 ) 2 and 
Na(Cp) in beijzene under refluxing conditions. Solutions 
of RhCl(PPh3)j react with CO to form, firstly, the yellow 
RhCl(PPh3)2 complex which reacts with Na(Cp) to form the 
orange Rh (CO ) j( Cp ) (PPh3 ) . The analogous cobalt complex can 
be prepared”}" by treating Co(C0)2(Cp) with PPh3 in 
hexane under} refluxing conditions, over an extended 
I 
period of tirpe. 
I 3 5 s 
j Csontos, Heil and Marko reported that 
CO can be r|eplaced by PPh3 in carboxylate complexes of 
I 
Rh. Thus, wljen a hexane solution containing Rh ( CO ) 2 (RCO2 ) 
(R = Me, Et) ! is treated with PPI13, a dark brown complex, 
formulated pn the basis of spectroscopic evidence as the 
unsymmetricpl dimer shown in Fig.77, is formed However, 
with an }excess of PP}i3, the yellow disubstituted 
I 
mononuclearj complex Rh ( CO ) ( HeC02 ) ( PPh3 ) 2 is formed. 
3 4 4 
Yamamoto et_^al. reported that when CO 
gas is passed through a m-xylene solution containing 
Co(C2H^)(PPh3)3 at low temperatures, a reddish-brown 
1 2 4 
complex is obt;alned. Analytical and spectroscopic data 
suggest that jthe complex is dimeric with the formula 
[ Co ( CO ) 3 ( PPh3 ) j 2 - I addition, when a CoH ( N2 ) ( PPh3 ) 3 
solution in toluene is treated with CO3, a brown dimeric 
I ^ 
I 
complex [ Co (,bo ) ( PPh3 ) 3 ] 2 is obtained. This complex 
exhibits a vjco band in the i.r. spectrum at 1877 cm 
j 
consistent witfh bridging CO ligands. 
I As expected, COD is readily displaced by 
CO from comjplexes and, indeed, Schrock and Osborn'""' 
reported that' treatment of [Rh(COD)(PPhj)3HBPh^] with CO 
gas in acetone, yields [Rh(CO)3(PPh3)3HBPh^]. This 
complex can| also be prepared more conveniently by 
treating [Rh|nbd)(PPh3)3HBPh^] (nbd=norbornadiene) with 
molecular hyjlrogen in acetone followed by the passage of 
CO gas. CO|isalt and iridium analogues have also been 
32 J 
reported. | It has also been reported that these 
I 
complexes lose CO slowly in the solid state but very 
readily in solution. For example, solutions in DMF, DMA, 
I 
MeCN or I acetone evolve CO and the complex 
1 
[Rh ( CO ) S ( PPjh3 ) 2 ] ( BPh^ ) can be isolated ( S = coordinated 
solvent). jThe lability of two CO groups results in the 
reaction jot [ Rh ( CO) 3 (PPh3 ) 3 ] t BPh^ ] with nbd, 
f 
butadiene 6r PPh3 to form [Rh(CO)(diene)(PPh3)3][BPh^] 
i 
or [ Rh ( COi) ( PPh3 ) 3 . If the PPh3 reaction is carried out 
125 
under a CO atrr^osphere, Rh ( CO ) 2 (PPh3 ) 3, having a trans- 
I 
trigonal bipyrj^amida 1 geometry, is produced. The most 
I 
interesting feature of these complexes is the extreme 
lability In their solution chemistry. Thus, in solvents, 
olefin, phospi'ilne and CO compete for, and exchange at, 
I 
sites on thje three-coordinate [Rh (CO) (PPI13 ) 3 H BPh4 1 
moiety, forming a variety of 4- and 5- coordinated 
species. ! 
It was further noted that the complex 
[ Rh ( CO ) Y (PPh^j) 2 ] ( Y = 1,3-butad iene ) exhibits two bands in 
its i.r. spectrum in the solid state as well as in 
! 1 
solution. The occurrence of three resonances in the H 
n.m.r. spectrum suggests the presence of two 
energetically similar isomers in equilibrium in solution. 
i 
However, th^b presence of two peaks in the ^^P n.m.r. 
spectrum injdicates that the dynamic process observed in 
I 
the proton i spectrum does not result from a phosphine 
dissociatiorji process. 
I In another report, Szabo et^al.* have 
described jthat treatment of Co2(CO)g with PPho in Nujol 
[ 
solution results in the formation of the monosubstituted 
I 
derivativeIC02(CO)7(PPhg), which can also be prepared by 
reacting C62(CO)g(PPh3)3 with CO gas in hexane. The i.r. 
126 
spectrum shows (only bands In the terminal vco region and 
the structure' shown in Fig. 78 is therefore proposed. 
j 
However, in concentrated solution, the i.r. spectrum 
shows two additional weak bands in the bridging vCO 
region suggesting that, under these conditions. 
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Recently, Carriedo et^al."" have 
reported a very interesting reaction in which an ethanol 
solution of Cp(II) chloride was treated with NaBH^ in the 
presence of R|Ph3 and [PBzPh3]Cl under an atmosphere of CO 
gas resultin<^ in the formation of a yellow-green complex, 
i 
formulated j as [Co(CO)2^12(PPh3)][PBzPh3]. The 
corresponding bromide was prepared from CoBr-^ and 
i 
[PEtPh3]Br. I In contrast, a similar reaction with Co(11) 
iodide andj [PEtPh3]I yielded Co(CO)I(PPh3)2• No 
structural | details were given. These authors also 
I 
reported tfjiat on passing CO gas through the ethanolic 
solutions I of dimeric or polymeric complexes 
i 
[ CoX (PPh3 ) 2(1 n (X=Cl,Br,I), the dicarbonyl complexes 
! 
Co ( CO ) 2^ ( PPlh3 ) 2 are obtained. Moreover, when 
Co (CO) 2<71 (l|Ph3) 2 is treated with Mg(CgF5)Br in THF 
I 
solution art orange crystalline complex is obtained; this 
can also iLe prepared by treating Co(CO)4(CgF5) with 
1 27 
PPh3 in hexane* solution, and it has been characterized, 
largely on the basis of analytical and spectroscopic 
data, as Co ( CO 2 ( ) ( PPh3 ) 2 with a trigonal bipyramidal 
georaetry, j 
I A large variety of structural types has 
I 
been prepared,| using bisphosphines, from this subgroup. 
I 
Thus, Carriedo et^al. reported that treatment of a 
Co ( CO ) 2CI (PPh;^) 2 solution with TlClO^ in the presence of 
dppm or dp^e gives orange crystalline complexes, 
I 
formulated a^ls [ Co (CO) (P-P ) 2 H ClO^ ) (P-P=dppm, dppe ) . 
N.m.r. data ! on the dppm complex indicate that the 
molecule i^ non-rigid in solution, and an X-ray 
I 
diffraction jstudy shows that both dppm ligands are 
coordinated jin a chelating fashion. The geometry around 
the metal is| distorted trigonal bipyramidal, with the CO 
ligand beingj in an equatorial site. It has been suggested 
earlier’’"^ Ithat distortion occurs due to the expected 
requirement^ of the dppm bite angle being smaller than 
u I 
the 90 irijthe idealized trigonal bipyramidal geometry. 
This was c[)nfirmed by the cyrsta 1 lography results which 
found a vjalue of 73.1"’. The rhodium analogue has also 
...» c. ... . ..,c. 
solution icontaining [Rh(dppm)21BF^ The analogous 
i r id i um-dp|)p complex has been reported to form^'' when 
128 
Ir(CO)Cl(PPh^)2 is treated with dppp at low 
giving [ I r ( CO ) (:dppp ) 2 1 t Cl ] . 
temperature, 
I In contrast, the reaction between 
] [ Ir (CO)|2l 2 3 ^nd dppp under CO gives two 
complexes'^”; j the colourless Ir(CO)I{dppp)2/ with a 
single vCO | band at 1930cm " and analogous to 
Ir(CO)Cl(dppej9,^" and a bright yellow, monomeric complex 
I 
which shows tj/o vCO bands in the terminal carbonyl region 
i 31 and a single' resonance in the P n.m.r. spectrum. The 
structure shjown in Fig.79 has been proposed for the 
yellow complej'x. A benzene solution of this complex reacts 
with H2 to I give a colourless complex formulated as 
I 





On the other hand, treatment of 
(X=Br,I) with dppe gives the 




with hydrogbn forming the colourless, mononuclear hydride 
species I r|( CO ) XH2 (dppe ) with the proposed structure as 
shown in [Fig.80. It was also noted that Ir(CO)X(dppe) 
I 
(X=Br,I) rJact with CO, giving the dicarbonyl complexes, 
I 
analogous to the dppp product as shown in Fig.79. 
Espana et^al earlier reported that 
1 2 9 
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when Co ( CgF^ ) 2i( dppe ) is treated with NaBH^ under a CO 
atmosphere, the orange complex Co ( CO ) 2 ( ) (dppe ) 
formed. These duthors also reported that the reaction o£ 
Co(CO)^(CgFg) Iwith dppe gives a dinuclear complex, 
showing vCO ba|ids in the terminal carbonyl region of the 
i 31 i.r. spectrum! and a singlet at -6 = 71 in the P n.m.r. 
spectrum. Thej complex was formulated as C02(CO)g(CgF^)2 
(dppe), wher^ the dppe ligand bridges two Co(CO)3{CgFg) 
I 




Relatively recently, Faraone et_^al. 
t treatment of bencene solutions containing 
ith dppb under refluxing conditions followed 
chromatography, yields an orange complex 
which was t|ioroughly studied by spectroscopic and X-ray 
methods and| which consists of two Rh(C0)(Cp) units 
bridged by aj single dppb ligand. The coordination around 
each Rh atorri is trigonal with the coordination position 
I 
being occvjipied by the centre of the Cp ring, the 
phosphorus and the CO group, as shown in Fig.81. 
with dppm 
In contrast, when Rh(C0)2(Cp) is treated 
in refluxing heptane, the yellow orange 
monomeric C|;omplex Rh(CO)(Cp)(dppm) is obtained. An X- 
ray analysis shows that the dppm ligand is bonded through 
only one P ato|m, thus presenting the first example of a 
complex from this subgroup in which the dppm ligand is 
coordinated irl a monodentate fashion. The coordination 
I 
j 
around the Rip atom can again be described as either 
trigonal or peptagonal based upon the arguments presented 
for Rh2 (CO ) 2 (bp) 2 (<3ppb ) . These authors noted that the 
reactions aimeld at utilizing the uncoordinated P atom of 
dppm in attemflts to make binuclear, dppm bridged species, 
1 
may not be successful due to steric reasons. In fact, no 
I 
changes occurjwhen this complex is refluxed in heptane or 
when it is rejfluxed with Rh(CO)2(Cp). 
Another interesting Rh complex has been 
reported bj' Balch et_^a 1. ^The reaction between 
I 
Rh2 (CO) ^ (MeCp2 ) dppm in benzene, results in the 
formation of the red complex Rh2(CO)2(MeC02)(dppm) 
i 
which, on |the basis of spectroscopic data, has been 
assigned thg structure shown in Fig.82. 
I 
i 
I j- 5 I Sanger reported that when solutions of 
Ir2CI2(COD) I are treated with dppp under a CO atmosphere, 
a yellow complex is obtained. This same complex can also 
be preparejd by the reaction of IrCl^ with LiCl under 40 
Psi CO pressure in the presence of dppp at elevated 
temperatur‘^s. The complex has a single band in the 
132 
terminal vCO jregion in the i.r. spectrum and a single 
^ 1 
resonance in |the n.m.r. spectrum. On the basis of 
these results I together with analytical data, Sanger 
proposed the formulation Ir2(CO)2CI2(dppp)2 in which the 
dppp ligands bridge the two metal atoms and in which the 
CO groups are jtrans to each other. However, a very recent 
X-ray di f f racjition study ' revealed that the molecule 
actually consijsts of two planar Ir(CO)P2Cl units bridged 
I 
by dppp ligands forming a 12 membered ring. The Co and Cl 
i 
groups are ih a non-parallel, cps-geometry as shown in 
minimizing coupling between the two CO 




Fig.8 3, thus 
The corresponding complexes with bromide 
r'" 
and iodide have also been reported."''^ Th*e latter is made 
by simply jexchanging iodide for chloride in the above 
complex and the former by the reaction between 
I 
[Ir(CO)2Br2][NBu^4] and dppp in acetone from which CO gas 
is evolved. Both complexes are believed to have 
structures j similar to that of the chloride, although 
there are I slight differences in the i.r. spectra. For 
example, the bromide complex shows two i.r. batids in the 
terminal darbonyl region while the iodide complex shows 
I 
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Fig- 
Fig• iS 5. 
CO 
134 
n.in.r. spectra Consistent with bridging dppp ligands. 
i 
I 
j These complexes undergo ready oxidative 
I 
addition of H2 |<3t 1 atm. in CH2CI2 solution producing two 
complexes, the | te trahydr ides I r 2 ( CO ) 2X2H^ (dppp ) 2 the 
dihydrides Ir2^CO)2X2H2(dppp)2 - ^ ~ An X-ray crystall- 
ographic studyl on the former reveals the presence of cj^s- 
I 
hydrides on jeach Ir(III) as shown in Fig.84. On the 
other hand, the structure of a dihydride complex as shown 
j 
in Fig.85 clearly shows the presence of four and six 
I 
coordinated Ir(I) and Ir(III). 
! 
Another tetrahydrido complex of iridium 
I 
Ir2(CO)2H^(dppm)2/ has recently been prepared by McDonald 
i 
by the reaction between I r (CO) Cl (dppm) 2 and 
NaBH^ under I a H2 atmosphere. An interesting reaction 
occurs when'cHClo solutions of this complex are stirred 
I 
under an atmosphere of N2 gas. The resulting golden 
I 
yellow complex, [Ir(CO)2H3(dppm)21 Cl, has the 
unsymmetrical structure shown in Fig.86, consisting of 
two significantly different coordination geometries 
around each!metal atom. 
I Earlier, Sanger reported that reactions 
i 
! 
between Rhi2(CO)^Cl2 or Rh2Cl2(COD)2 and dppm yield the 
dimeric coiriplex Rh2(CO)2CI2(dppm)2/ which on the basis of 
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spectroscopic data is believed to contain two dppm 
ligands bridging two Rh(CO)Cl units. The corresponding 
I 
dppp and dppb complexes have also been prepared 
similarly, although the analogous reaction with dppe 
I 
gives the Imonomeric complex characterized as 
I 
Rh ( CO ),C1 (dppe ) i 
Interesting asymmetric rhodium dimers 
have been pijepared by reactions of either SO2 or 
with Rh2(CO)2CI2(dppp)2• The yellow complexes so obtained 
have been I characterized spectroscopically"^ ' as 
I 
Rh2 ( CO ) 2CI 2L2j( dppp ) 2 / (L = S02 , CgN^ , in which both L 
groups are jcoordinated to only one Rh atom, and the P 
( 
atoms of the jdppp ligands are ci^s- to one atom and trans- 
i 
to the otherjas shown in Fig.87. 
King and coworkers" " have prepared some 
novel metal-CO-phosphine complexes using MeN(PF2)2/ which 
is clearly related structurally to dppm. For example, the 
I 
reaction ipetween Co2(CO)g and MeN(PF2)2 low 
temperatures followed by chromatography gives a dark 
purple coloured complex. X-ray diffraction data shows it 
to be metajl-metal bonded with three bridging MeN(PF2)2 
ligands and! terminally coordinated CO groups as shown in 





4 n 2 
in the presencei of dppe, a purple-brown complex can be 
separated by Icolumn chromatography from the resulting 
mixture. This complex has been spectroscopically 
identified as the product shown in Fig.88 in which one CO 
group has been replaced by a dppe ligand coordinated 
through only one P atom. 
reacts with 
violet-brown 
The related ligand, MeN{P(OMe)2}2 also 
c[o2(C0)g at low temperatures, producing the 
jcoloured complex Co2(CO)^(MeN{P(OMe)2i2^2• 
X-ray diffracjtion reveals' " that the molecule is dimeric 
I 
and the met,bl-metal bond is supported by two bridging 
I 
I 
bis-phosphine| ligands. In addition, each cobalt has two 
terminally bcinded CO ligands, as shown in Fig.89. In this 
complex it jis interesting to note that, in the same 
I 
molecule, two identical atoms with identical ligands have 
different cloord i na t i on geometries. One of the cobalt 
atoms has a llocalized trigonal bipyramidal geometry while 
i 
the geometry of the other Co atom approaches square 
31 pyramidal. iHowever, P n.m.r. spectroscopy shows a 
single resonance in solution, indicating equivalent 
phosphorus atoms. It has been suggested that the molecule 
is a sterejochernical ly non-rigid system in which the two 
cobalt atom and the phosphorus atoms became equivalent in 
solution on the n.m.r. time scale through a fluxional 
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toward the sid 
process. Very| recently, a raechanism has been 
pr oposed ~ ’ | for this fluxional process in the 
analogous iridijum complex Ir 2 ( CO ) ^ (dmpm) 2 which involves 
I 
bending back of the two cis-phosphorus atoms at M(I) with 
a simultaneous rotation of the two terminal CO ligands 
which has the P atoms, to give a trigonal 
bipyramidal gfeometry at M(r”). This is accompanied by a 
squeezing of jthe two phosphorus atoms together ett M(II) 
along with rotation of the two terminal CO ligands away 
from the phosphorus nuclei, imposing a tetrahedral 
geometry at| This has been described as a 
"windshield wiper" type of motion. 
Relatively recently, Kubiak et_^al.' 
have reported that on treatment of Rh2(CO)2CI2(dppm)2 
with NaBH^ jin ethanol, the purple, metal-metal bonded 
dimeric Rh(L ) complex Rh2(CO)2(dppm)2 is formed. This 
reacts with! CO gas to form a red-orange compound which 
I 
I 
in the li|ght of spectroscopic studies, has been 
formulated jas the A-frame complex, Rh2(CO)2b2- A quite 
different t^pe of product forms when Co2(CO)0 is reacted 
with in dp[jm, diupm or dmdprn. The orange complexes so 
formed have! both terminal and bridging CO groups and 
j 
n.m.r. spedtra show the phosphines to be bridging in the 
proposed arrangement shown in Fig.90. The dppm complex 
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Thus, the green 
crystallographM 
I 
reacts with H4 at 70 atru. and at elevated temperatures 
resulting in th^ cleavage of a P-C bond of a dppm ligand. 
complex so formed has been shown by X-ray 
to contain two bonded cobalt atoms 
bridged by thijee different groups, a PPh2, a dppm and a 
I 
hydride, resulting in a relatively longer Co-Co bond at 
2.637S. The structure is shown in Fig.91. 
In contrast, when Co2(CO)3 is treated 
with dppe orj cis-dppee followed by the addition of 
NaBPh^j, the result Is"' the formation of the tetra carbonyl 
complexes ° " I [ C02 ( CO ) ^ ( P-P ) 3 ] [ BPh ^ ] ( P-P=dppe , cis- 
dppee ) . On tlie basis of i.r. spectroscopy, it has been 
suggested thajt these complexes have a structure in which 
two Co ( CO) 2 (|P-P ) units are bridged by a P-P ligand as 
shown In Fig.92, More will be said about this later in 
I 
the thesis. i 
J Only a few bimetallic complexes have been 
reported frqVa this subgroup. For example, Hutton, Pringle 
and Shaw 4' have reported that treatment o f 
[ Ir (CO ) (dppip) ^ ]C1 with CuC:=CPh in boiling acetone gives 
the red com|[)lex IrCu (CO ) (PhCEC) (dppm) 2CI. Low temperature 
11 I ■^Pn.m.r. spectra show an AA BB pattern consistent with 
I 
dppm ligandls bridging two different metal atoms. The i.r. 
1 4'1 
spectrum exhibijts two bands assigned to terminal vCO and 
v(CEC) respectji vely . X-ray diffraction conf i r ms * that 
the metal-metall bond is supported by two bridging dppm 
ligands and that the coordination positions around the 
iridium atom .^re occupied by the acetylenic and CO 
groups while | a Cl ligand is terminally bonded to the 
copper as shojwn in Fig,93. The analogous gold complex is 
also prepared jsimilarly. In related work'^'"^", the iridium 
complex [ Ir ( cjo ) Cdppm) 2 3 [ Cl ] reacts with AgOAc/PhCECH to 
give IrAg(CO)Cl(PhCEC)(dppm)2A which further reacts with 
NaBPh^ to give [ Ir Ag ( CO) (PhC=:C) (dppm) 2 3 t BPh ^ ] . It has 
1 
also been reported that d^*^ metal ions in these complexes 
can readilyl be displaced witli other metals, in 
transmetallatiion reactions. Thus I rM ( CO ) (PhCEC) Cl( dppm) 2 
[where M=Cu,Ag] reacts readily with Rh2(CO)^Cl2 in 
methylene chloride to give IrRh(CO)2CI(PhCEC)(dppm)2• In 
) 
addition, [Ir(CO)(dppm)2CI3[Cl 3 reacts with AuCl(PP3i2) 
in boilinsg acetone to give the deep red 
[ Ir Au ( CO) Cl (Idppm) 2 3 [ Cl 3 which is isolated as the chloride 
salt. Neutjral complexes are formed with [ AgCl (PPh^ ) 3 ^ 
and CuCl. 
I The same authors have also reported*"""' 
that on trepting Ir Ag ( CO) Cl 2 (dppm) 2 with RI12 ( CO) ^Cl 2 / two 
j 
complexes ajre formed which can also be obtained from tlie 






However, when Ctp gas is passed through a solution o£ this 
I 
mixture, two products are obtained, the major product has 
been formulatejd as [ I rRh ( CO ) ( dppm) 2 ] [ Cl ] while the 
minor product jis proposed to have the chemical formula 
[ IrRh(CO) 2CI (djprn) 2 HCl 1 which has an 'A frame' 
structure, wh^re Cl is in the bridging position. This 
has been formed probably by the loss of a CO group from 
[ IrRh (CO) ^Cl (dj^pm) 2 ^ [ Cl ] . 
I It has also been reported’"'' that 
[Rh(CO) (dppm) ]C1 reacts with [ AgCl (PPh^ ) ] ^ giving a 
! 
complex formijilated on the basis of elemental analysis, 
i.r. and n.m.r. results as RhAg(CO)Cl 2(dppm)2• 
I Farr et^al. have reported another 
interesting ;bimetallic complex, RhPd(CO)Cl^(PPh2py)2/ 
which is formed when Rh(CO)Cl(PPh2Py)2 is treated with 
Pd(COD)Cl2 |[where PPh2Py=d iphenylphosph inopyr idene ] . An 
I 
X-ray diffrpction study shows that the Rh atom is six- 
coordinated jby two terminal chlorides, a carbonyl and, in 
addition, ijs bonded to each of the two bridging PPh2py 
I 
units. Thelsecond metal is approximately square planar, 
I 
I 
and the metdl-metal distance of 2.594A is consistent with 
I 
a direct me|ta 1-rneta 1 bond as shown in Fig,94. It has been 
suggested tihat the formation of this comple.x involves the 
1 44 
oxidative addjLtton of a d® Pd (11 ) complex to an 
t, 
isoelectronic dP Rh(I) complex. 
j In another recent paper, Farr et_^al.." '' 
have reported I that when Rh2(CO),jCl2 is treated with 
ci.s-Pt (PPh2Py) jCl 2, a yellow complex formulated from 
spectroscopic | and analytical results as 
Pt f (PPh2Py) 2Cl|] [ Rh (CO) 2CI2 3 Is formed. On heating this 
I 
is converted jinto RhPt(CO)Cl3(PPh2Py) but, when treated 
i 
with halide jions, it gives RhPt(CO)(PPh2Py)2 [where 
X=Cl,Br]. It I has been noted that oxidative addition 
occurs only |at the Pt site and that the rest of the' 
binuclear complex remains intact. 
i 
1.3.8. Ni, Pd and Pt: 
I A large variety of phosphine-substituted 
carbonyl complexes has been prepared from this subgroup. 
I 
These are ijisted in Table [8], and can conveniently be 
generalized I by the formula I-^ ^ ^ n-x'^x ^ z ' (where Y = 
phosphine; n = 4; z = l,2). The majority of the nickel 
complexes |iave been prepared by the direct reaction of 
the metal carbonyl with the ligand, although other routes 
which mainly involve reactions of substituted carbonyl 
complexes jhave also been explored. It is Interesting to 
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Table [91. 
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note that nickel and platinum dominate the chemistry ot 
phosphine-substituted carbonyl complexes in this 
subgroup. This |is consistent with the reluctance of Pd to 
form carbonyl j complexes as discussed in the previous 
section. ^ 
M(CO)(PPh3)3 
The highly substituted complexes 
|( M=N1, Pd, P t) have been synthesized by a 
I 
variety of jmethods. For example Ni(CO)(PPh3)3 was 
prepared as ^ yellow solid"^"'^ by treating Ni(COD)2 with 
PPh 3 in the I presence of phenyl propionate. It was 
luggested that the actual mechanism involves the initial 
cleavage of 
decarbonylati 
the C2H^CO-OCgH3 bond followed by 
on. The analogous cream-coloured Pd complex 
I T T 
can be prepajred either by the reduction of Pd ^(acac ) .;) 
with AlEt3 oij by the reduction of PdCl2(PPh3)2 with NaBH^ 
in the presence of PPh-, under a CO atmosphere ^. The Pt 
i 
analogue wds earlier reported by Malatesta and 
Cariello"*'^ ^bnd later Isolated and characterized by Chini 
and Longouep ■" ■■■ and also Albano et_^al'* ^ . On treating 
Pt(PPh3)^ |or Pt(PPh3)3 with CO, two isomeric complexes 
were isolated by Chini et1 ^ as pale yellow and 
colourless ^olids respectively. An X-ray study showed"" 
that the latter has a more deformed tetrahedral structure 
resulting in a greater back donation from vnetal to CO as 
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shown in the iir. spectra"'^". All these complexes were 
characterized on the ID a 3 is of analytical and 
spectroscopic rjesult; 
S1mliar c omp1e x e s with o t h e r mo n od e n t a t e 
phosphine and phosphite ligands have also been reported. 
Thus Ni ( CO ) {P ( pPh ) 2 } 3 was isolated'^* when Ni(acac)2 was 
treated with Pl(0Ph)2 in the presence of AlEt^ under a CO 
atmosphere atj^ elevated temperatures. This complex can 
also be prepared by reacting Ni{P(OPh)2}4 with CO gas in 
1,5-cycloctad|ene (COD), again at elevated temperature. A 
structure analogous to that of the PPh3 complexes has 
I 
been assignedi on the basis of elemental analyses and i.r. 
I 
data. I 
j Several halide derivatives of these 
complexes have also been prepared. Thus Saint-Joly 
et^al."*'^’ (reported that [ N i { CO ) X ( PR ^ ) 3 1 [ Z ] and 
N i (CO ) X2 ( PR3^) 2 type complexes can be prepared either by 
reacting NiX2(PR3)2 compounds with CO or by replacing the 
PR^ ligand from the pentacoordinate complexes NiX2(PR3)3 
and [Nix(PR^)^][Z] with CO under normal conditions. These 
complexes j (where R=Me,Et,Ph,Me2Ph,MePh2; Z=BF^ and 
X = Ci,Br,I) I were characterized by analytical atid 
spectroscopjic data to be five-coordinated with trigonal 
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bipyrarnidal gedmetry. An X-ray diffraction study' 
Ni(CO)l2(PMe3)2 
on 
shows that the PMe3 groups are in the 
axial positions! while CO occupies an equatorial position 
as do the twio iodide ligands. The most interesting 
feature of the structure is the Ni-C bond distance which, 
at, 1.7283,, |s the shortest such distance reported so 
far. These autjiors found that the experimental stability 
I 
order towards pO dissociation of Ni(CO)X2(PR3)2 is I > Br 
> Cl and Rj= Me > Et % Me2Ph > MePh2 > Ph with the 
exception of j Ni(CO)Br2(PEt3)3 which is very unstable. 
Four-coord inatj;ed platinum complexes of similar structure 
have also been reported 4 2 o 
I A large number of complexes of the type 
[ M ( CO ) X (PR3 ) ^ " are known for all three metals. 
These complexes are generally prepared either by reacting 
halophosphine complexes with CO or by halogenating the 
phosphine-supstituted carbonyl complexes. 
M(CO)2(PR3)2 
Disubstituted complexes of the type 
have been reported for all three metals. 
These are generally prepared by reacting either the metal 
I 
carbonyl w^th phosphine or by the action of CO on zero 
valent met^kl-phosphine complexe;s . In addition, halo- 
substituted! complexes have also been reduced in the 
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presence ot phosphine and CO. Thus, the platinum complex 
Pt ( CO ) 2 (PPh.^ ) 2 I has been prepared by treatment of PtCl2 
with CO in th|e presence of PPh., using zinc dust under 
i 
refluxing corK^itions. This complex can also be prepared 
I 
by treating Ptj(CO)^(PPh^)^ with CO. The Pd analogue has 
been prepared"^ f by the reaction of Pd ^ ( CO ) ^ ( PPb ^ ) 3 with 
CO while N i (|30) 2 (PPh3 ) 2 was isolated as a crystalline 
complex, when 
complexes wet 
Ni(CO)^ is treated with These 
,e largely characterized on the basis of 
elemental analyses, dipole moment data and l.r. spectra. 
Both the Pd ^nd Pt complexes are unstable and decompose 
! 
in the absenc^ of CO. More will be said about this later 
in the discussion section. 
' A number of other dIsubstituted complexes 
I 
are also knciwn. For example Baird and Wi Ik i nson " ' have 
reported that when Pt(PPh3)3 is reacted with carbonyl 
sulfide, a cbmplex Pt(COS)(PPh3)3 is formed which is very 
labile. Whenj heated in chloroform, it is converted into 
I 
a yellow cc:)^mplex which, on the basis of analytical and 
I 
i.r. data, |was formulated as Pt3(CO)2S(PPh3)3. However, 
later a siijigle crystal X-ray*'"'"' study showed that this 
[ 
complex is| really Pt 3 ( CO ) S ( PPI13 ) 3 having a Pt-Pt bond 
I 
and a threej-membered ring containing sulfur. The complex 
I 
exists in tiwo isomeric forms and the difference between 
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the two isomers is mainly confined to one PPh^ group in 
I 
which the phenyl rings adopt two quite different 
conformations with respect to the rest of the molecule. 
This results in) a slightly different orientation of the 
adjacent carbcjnyl group for each isomer. The two i.r. 
bands observeci by Baird and Wilkinson""' are consiste.nt 
with the presence of one CO group having a different 
environment in| the two forms. 
! Monosubstituted derivatives for all three 
I 
metals have 41so been reported. The white, crystalline 
Ni(CO)2(PPh^)1forms on treatment of Ni(CO)^ with PPh^ at 
low temperatute . ' ^ It can also be prepared by starting 
I 
with NiCPPh^b^j and reacting it with However, the 
Pd analogue j was prepared by passing CO gas through a 
solution cont!aining Pd ^ ( CO ) ^ ( PPh^ ) 3 , while the analogous 
Pt complexj can be prepared by treating either 
Pt 3 ( CO ) 3 (PPh ^ or Pt ( CO ) 2 ( PPh^ ) 2 with CO gas. The Pd and 
I 
Pt complexejS are unstable in the absence of CO and 
decompose rdadily to give either dicarbonyl or polymeric 
complexes, lihese compounds were characterized largely on 
the basis jof their i.r. spectra, except for the Ni 
complex whiih was more fully characterized on the basis 
of analyticil data together with i.r. spectra , 
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|A large number of bisphosphlne complexes 
have been synl|hesized from this subgroup. Davis and 
Sneeden'*'" have | reported that when PdCl2(dppm) is treated 
with NaBH^ in ^he presence of CO gas, two complexes are 
obtained whicjh were formulated, on the basis of 
analytical andj i.r. data, as Pd 2(CO)Cl 2(dppm)2 ^nd 
Pd2 (CO) (dppm) 2-j However, no structural details were 
I 
given. The forriier complex can also be prepared by passing 
CO gas into ajsolution containing Pd2Cl2(dppm)2•"' This 
palladium deriv/ative, has been characterized analytically 
I 
and spectroscjbpically as a dimeric complex (Fig.95) 
having a singlje vCO band assigned to a bridging CO ligand 
at 1705 cm~^ |in the i.r. spectrum. Similar complexes in 
which Br,I, and NCO replace Cl have also been reported 
and analogous I structures have been ass igned . 
I The platinum analogue has been prepared 
either by bubbling CO gas into a solution containing 
i 
Pt2X2(dppm)2 | or by the reaction of [Pt2(CO)2^^]with 
dppm'^ " ( X = C1) . This complex exhibits a vCO band in 
i 
the i.r. spectrum at 1638cm~^ and, in solution, it 
readily j isomerizes to another species, 
[ Pt2 ( CO ) X ( dppm) 2 ]which can be isolated as the 
I 
salt. The Unusually low vCO frequency led tlrese authors 




bridging ligand in this complex in a manner similar to 
I 
that observed I for a Mn complex reported earlier by 
Commons and Hoskins.^'"' The structures shown in Fig. 96 (a 
and b) were proposed for the Pt complex. However, single 
crystal X-ray dliffraction studies on analogous palladium 
complexes, p!d 2 ( CO ) X2 ( P-P ) 2 (where ( P-P ) =dpam," 
dmpm^""^), have jbeen reported and these have been shown to 
I 
have bridging CO groups acting as more conventional two- 
electron donors. These results prompted a 
reconsideration"*^"^ of the structures shown in Fig.96 and 
a structure aglalogous to that of [ Pd ( CO ) X2 ( dppm) 2 I / shown 
in Fig.95, has( now been assigned. 
I Hutton et_^al^. "reported that the A- 
i 
frame cornple^ [ Pt2 ( u.-CO ) ( Me ) 2 ( p-dppm) 2 H BF^ ] 2 can be 
I 
prepared on treatment of [Pt2(Me)2(NCMe)2(u-dppm)21CBF^]2 
with CO. HoW|iever, on further treatment with CO gas this 
complex giv|es, reversibly, the dicarbonyl complex 
I 
[ Pt 2 ( CO ) 2 ( Me )l 2 ( l-'-dppm) 2 H BF^ ] 2 which exhibits a single 
I 
j   ^ 
vCO band at ^lOOcm " in the i.r. spectrum. An X-ray study 
showed that I this complex has the structure shown in 
Fig.97. I 
I Kullberg and Kubiak'*'^" have reported that 
1 1 '5 
on treatment) of Pd2 ( OH ) 2 ( M“dppm) 2 with CO, the A-frame 
157 
complex Pd2(jco)(OH)2(p-dppm)2 is formed and this was 
characterized a^ a structure analogous to that shown in 
Fig. 9 5 by cornplring its and "‘C n.m.r. spectra with 
those of Pd2 ( p-loo ) CI2 ( p-dppm) 2 • 
I In contrast to dppm or dmpm, when 
bisphosphine iigands with longer back bone carbon chain 
lengths were I used, products of entirely different 
structural types were obtained. Thus, Minghetti et^al.*^^^ 
reported thatjwhen CO gas is passed through a solution 
I 
containing [ Ptj^H^ (P-P ) 2 ^ ^ 4 ^ (where P-P-dppe ,-dppp, dppb ) , 
green to viJlet complexes are obtained whicVi were 
i 
characterized I from analytical and spectroscopic data. In 
addition, a sjngle crystal X-ray diffraction study'*'" on 
the dppe complex shows that both dppe ligands in this 
complex are I coordinated in a chelating fashion, the 
hydrogen and CO are bridging ligands and there is a Pt-Pt 
bond. The str|ucture is shown in Fig. 98. Related complexes 
obtained usjjng dppp or dppb were assigned analogous 
structures . ! 
I Corian et^ai.*"** have reported that on 
I 
treatment o^ Ni{P-P)2 (where P-P=dppe, dppp, dppb) with 
I 
CO gas in CgHg or CH2CI2, mono and dicarbonyl complexes 
are obtained. Analytical and i.r. data indicated that 





respectively, Gomplexes of the former type, where P- 
P-dppp and dppo, have been reported when compounds of 
the type Ni(P-t|>)2 are treated with acyl ha 1 ides . “ The 
latter type of complex has also been reported to form 
with the ligandp dppee**"^; depe ; dmpm 
1 i and dmpe.' 
More will be 
section. 
said about this later in the discussion 
and RaghuVeer 
with dmpm in 
Cp ring and t 
Organic ligands such as cyclopentadiene 
have also been displaced in some instances. Thus, King 
reported that treatment of [Ni(CO)(Cp)]2 
Doiling THF results in displacement of the 
he formation of a yellow complex which, on 
the basis o^ analytical, spectroscopic and molecular 
weight determination data, has been characterized as a 
dimeric system with three dmpm ligands coordinated in a 
I 
bridging fashion as shown in Fig.99. 
; In contrast, when dmpm is treated with 
! 
Ni(CO)^, a yhite complex is formed which was originally 
character i zec^ as monomeric N i ( CO ) 2 (dmpm) . However, a 
single crysj:al X-ray diffraction study by Porschke 
et^al.'^'" rej/ealed that this complex is actually dimeric 
and has the structure shown in Fig.100. 
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obtained. This 
!A very interesting Ni-CO complex has been 
reported by Ri|go et_^a “ It forms when Ni(P-SEt)2 
{where P-SEt = 1 - (|t h i (De t hy 1) - 2 (d i pheny Iphos ph i no ) e t hane } is 
treated with CO at 1 atmosphere pressure. The solvition 
immediately decolorizes and a white crystalline solid is 
was characterized by analytical and 
spectr oscopic |iata as Ni ( CO ) 2 ( P”SEt) 2 / where both P-SEt 
units act as mionodentate ligands forming a tetrahedral 
I 
I 
structure aroi;^nd the nickel atom as shown in Fig.101. 
Mention of tljis will be made again in the discussion 
section. 
Bimetallic complexes with various metals 
have been prepared from this subgroup using a variety of 
methods which|i are listed in Table [8]. For example. 
Bender §.t_^al.|’^^ reported that, on treatment of either 
Pt(CO) (PPh3)3 I with the labile PdCl2(PhCN)2 or of 
Pd(CO)(PPh3)3jwith PtCl2(PhCN)2, ^ bimetallic complex is 
formed. Thisj has been characterized (analysis,i.r. and 
^^P n.m.r. spectra) as the dimeric system shown in 
Fig.102. It I exhibits a single vCO band in the i.r. 
spectrum at |l823cm“^ which was assigned to the CO ligand 
br idging.two 1dif ferent metals. 
Pringle and Shaw‘ reported that 
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when Pd(PPh3)^ is treated with the labile Pt(II) complex 
P12CI2 (NCBu^ ) ^ iJn the presence of dppm, an orange complex 
PtPdCl^(p-dppm)i is formed. When CO gas is passed through 
^ T 
I 
the solution ccf)ntaining this bimetallic compound, a red 
crystalline cojnplex can be isolated. Due to the low 
solubility of 
from elemental 
this complex, it was characterized mainly 
analytical and i.r. spectral data as 
PtPd{u-CO)Cl«( <^ppm) The single vCO band exhibited by 
this complex irji the i.r. spectrum at 1680 cm“ ^ is almost 
average in f]pequency between vCO for Pt2 ( u-CO) CI2 ( 
dppm)2 (IGSSc^'"") and for Pd 2 ( p-CO ) Cl 2 ( p-dppm) 2 (1705 
cm~"). It was also noted that the mixed complex does not 
lose its CO a 
but probably 
s readily as does the dipalladium analogue 
more readily than does the diplatinum 
I 
analogue. Fui| thermor e, it was also observed that CO can 
be readily displaced by SOy which ,in turn, is easily and 
completely displaced by N2,Ar or CO (to regenerate the L.;- 
CO complex).1 Thus, a small amount of SO2 can be used to 
I 
I 
catalyse thei reversible uptake of CO by PtPdCl2(u- 
dppm) 2 • Morei will be said about this in the discussion 
section. ^ 
In other reactions, when Pt(dppm)Cl2 is 
i 
treated withj AgOAc-MeCECH, it gives PtAgCl2CECMe ( u-dpprn) 3 
I 
which, on |transmeta1lation with Rh2(CO)^Cl2 forms a 
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complex isolate as the PFg salt. This was originally 
thought to be a jdiineric system with the acetylide ligand 
symmetrically trended to both Pt and Rh atoms " as 
! 
shown in Fig.lOS. However, a single crystal X-ray 
diffraction stiidy'*'''^ later revealed that the acetylide 
I 
group is cj-bondkd to Pt and forms an unsymmetr ical side- 
on TT- bond to |Rh as shown in Fig.104. Similar complexes 
have also been jreported for Pd."'"’" In addition, complexes 
(CO)2(r-CECPh)(u-dppm)2 (where M=Pd,Pt and 
M'=Cr,Mo or W) have also been prepared and similarly 
characterized. 
of the type MM' 
E Q S n 
I The brown complexes NiFe(CO)^(Cp)(PPh^)- 
(C2R) [wherej R=H,Ph,C02Me] have been prepared by 
treatment of Ni(Cp)(PPh^)(C2R) with Fe2(CO)g. These were 
characterized! initially from mass and i.r. spectral 
evidence. In addition, a single crystal X-ray diffraction 
study on thej complex where R = H showed that the ethynyl 
triphenylphosphonium group acts as a bridging ligand, and 
that the phosphorus atom is closer to the nickel atom 
I 
than to ! the iron atom. An intramolecular 
triphenyIphosphoniurn salt type of structure was suggested 
with the fo:^mal negative charge distributed between the 
i 







+ pph 3 
Fig.105. 
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Several other bimetallic systems 
containing nickel, have been described. Thus, Carlton 
et^a]^.'’"" have reported that when Na [ M ( CO ) ^ ( Cp ) ] (M=Mo,W) 
are treated with NiCl2(PPh2)2 room temperature, 
followed by thej addition of water and careful washing of 
solid with acetone^ a moderately stable 
crystalline complex formulated as 
the resulting 
deep green 
NiM { CO ) 2 (Cp ) (PE|h2 ) 2 ^ formed. The 
suggested the 
1 . r . spectrum 
presence of both bridging and terminal 
carbonyl groups n.m.r. studies indicated it to be a 
paramagnetic s[>ecies. X-ray diffraction studies, however 
I 
(on M = W) , re^vealed that one of the CO ligands is 
terminally codrdinated to W while the other two CO groups 
interact with nickel and may be considered as 
semibridging.I 
In other studies, Ehrl and Vahrenkamp '' 
I 
reported tha,t reactions between Fe(CO)^, PMe2Cl and 
N i ( CO ) 2 ( PMe 2Cjl ) , produce a bimetallic complex, 
i 
NiFe(Cp)(CO)g(PMe2)• Spectroscopic data suggested that 
the P^®2 bridges the two metal atoms and, in 
addition tojthe Cp ring, two of the carbonyl groups are 
terminally cjDordinated to the iron atom while three are 







et ,al . 
In another interesting reaction, Sato 
isolated both black and brown complexes when an 
ether solution containing Mo ( CO ) ^ ( C_^Hg ) was treated with 
Ni(Cp)(SPh)(n^-dppm) or Ni(Cp)(CN)(n‘-dppm) respectively. 
I 
Molecular weight data for the black complex suggested a 
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monomeric species. However, the P n.m.r. spectra of the 
two complexes jshow two doublets indicating the presence 
of non equivalent phosphorus atoms which suggested 
bridging dppm as shown in Fig.107 and 108. 
j A number of other bimetallic complexes 
have also been| prepared and these are listed in Table[8]. 
I 
! 1.4. Objectives: 
I From the preceding introductory 
discussion, j it is clear that reactions of metal 
carbonyls, orj substituted metal carbonyls, with phosphine 
I 
ligands is jby far the most widely used route to metal- 
I 
CO-phosphine I complexes. Of mech less importance are 
reactions pf metal-phosphine complexes with carbon 
monoxide. jrhe prefered route to these complexes, 
therefore, makes extensive use of metal carbonyls as 
starting inateials. This may not always be convenient for 
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a number of reasjons. For example, some carbonyls may not 
be readily available, many are air sensitive, very 
volatile and extremely toxic and therefore great care 
must be practiced when handling them ( 0.001 p.p.rn of 
Ni(CO)^ is the daily threshold limit and longer exposures 
n A 
may be fatal. I Several metal carbonyls are liquid at 
room temper a turie . 
I In the past several years, extensive 
research has! been done in these laboratories to 
investigate the properties of NaBH^ and NaBH3CN as 
reducing agenti and as coordinating ligands in reductions 
of higher oxidjation state metal salts in the presence of 
a variety of E>!hosphine ligands. Much valuable information 
has been obtcjined from these reactions and the results 
have, for thd most part, already been publ i shed . “ " 
These studies I have shown that interactions of transition 
I 
i 
metal salts j with NaBH^ and NaBH3CN in the preseiice of 
I 
phosphine lijgands produce a wide range of new products. 
This is parjtIcularly true when NaBH3CN is used. In 
general, ^iossible to isolate several intermediate 
products in I these reactions simply by adjusting the 
conditions (pf the r eact i ons . “ ^ There is clearly the 
potential t|) extend these reactions by introducing 
CO. Apart frlom two or three instances, r ~ however, 
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phosphine-subst ijtuted carbonyl complexes have not been 
prepared by tljis route, and there is no report in the 
literature of tljie production of complexes using NaBH3CN, 
a milder reducing agent than as a regent in such 
syntheses. | 
i 
I It is also well known, that most of metal I 
carbonyls are j extremely toxic and great care must be 
practiced when handeling these results. Thus, 0.001 
P.P.M. of Ni(c6)^ is the threshold limit set for one day 
exposures. Exjposures longer than this may cause severe 
damage to thje body system and can be fatal in most 
1 
cases . ^ Severjal metal carbonyls are liquid at room 
temperature and are highly volatile. They must therefore 
be handled with especial care routine laboratory work. 
I 
Bearing these facts in mind, this project 
was started wlith the following objectives. 
(a) . To establish a convenient route for the formation of 
zerovalent, j phosphine-substituted nickel carbonyl 
covftplexes N|(II) salt thereby avoiding the direct use of 
the extremely toxic and voltile Ni(CO)4. 
! 
(b) . To study under a wide variety of cotiditions the 
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interactions of| BH^ and BH3CN as reducing agents for 
I 
Ni(II) in the p^resence of mono-and bisphosphine ligands 
under a CO atnjiosphere . In par t icular , the objective of 
i 
this study wasjto investigate the influnce of reaction 
conditions (amjiunt of phosphine, temperature, rate of 
addition of redpcing agent and duration of reaction etc) 
and the nature of the phosphine ligand upon the types of 
product formed; and the bonding modes adopted by CO in 
complexes conts ining that ligand. 
(c). To compare the behaviour of NaBH^ with that of 
NaBH3CN as a reducing agent in the above reactions and to 
note any addjitional stabilization due to CO ligand in 
the complexes formed(compared to products pbtained when 
CO is absent ^rom the reaction). 
(d). To determine the reactivities of any Ni(0)-C0 
I 
phosphine products towards a variety of ligands. 
(e). In the course of this work, unexpected products 
containing i^onocoordinated bisphosphines were obtained. 
This led toja last objective, to investigate the nature 
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I The phosphines dppm, dppe, dppp, 
wejre purchased from Strem Chemicals 
I 
and PPho from Alfa Products Ventron 
I 
I 
Division, NaBH^ and NaBH^CN were obtained from the 
i 
Aldrich Chemical Company and, due to their hygroscopic 
I 
nature, were s|tored over anhydrous CaCl2. Reagent grade 
NiClo . 6H-:>0 amJ iodine were was purchased from BDH 
Chemicals Limit|;ed. Reagent grade Mo(CO)^ and Ni(CO)^ were 
purchased froijn Strem Chemicals. Aqueous HBr( 48%) and 
aqueous HCl(3^%) were obtained from Alfa Products and 
American Scientific and Chemicals respectively. CP grade 
carbon monoxilde and UPH grade hydrogen gases were 
p> U r C}'! a 5 c- d f I 
and nitric o.x 
Ganadidn LidlUQ All Ltd: dUifUI dlOMidc 
de gases were purchased from Matheson Gas 
Products. Al|l the above chemicals were used without 
further pur i flicat i on . 
Pt(coD)ci- and [Rh(CO).,ci] we r e 
synthesized j according to publiched methods .All 
I 
solvents werjfe reagent grade and were degassed with oxygen 
free dry nidrogen and stored in a N.^ filled glove bo.x or 
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degassed by dry nitrogen gas prior to use in fume hood. 
All glassware usgd was dried at 100’"’c. 
I 
jlnitial synthetic work was done in a well 
ventilated fume ihood using the apparatus shown in Fig.109 
I 
under completeljy controlled conditions to avoid any 
contact of atrjtospher ic oxygen with the reactions. All 
I 
other manipulations were carried out in a glove box 
(unless otherwise mentioned) which was constantly flushed 
I 
with dry nitrogpn. 
I 
I 
2.2. i^nalyses and Physical measurements: 
I All air sensitive samples were suitably 
1 
p r o t e c t e d fro m | a t mo s p h e r‘ 1 c o x 1 d a 11 o n o r h yd r o 1 ys i s d u r i n g 
analyses and physical measurements. 
I The infrared spectra of the samples were 
recorded as Nujol mulls pressed between sodium chloride 
I 
plates for the 4000cm~" to SOOcm'^ region or between 
polyethylene plates between the region 600cm“‘ to 200cm“* 
on a Beckmah IR 4250 spectrophotometer (Calibrated 
periodically | with a polystyrene refrence film). 
Electronic sp^ectra (usully reflectance) were recorded on 
i 
a Cary-14 recording, spectrophotometer in the 18,00 to 300 
173 
Fig. 109. Apparatus used for syntheses. 
X 
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nrn range . 
O H -1 
'■jP and n.m.r. spectra were recorded on 
I 
a Bruker WP 80 Fjburier transform instrument equipped with 
an automatic tejmperature control device (B-VT 1000) at 
j 
32.3 mHz and ci'O mHz respectively. The chemical shifts 
I 
were measured {relative to internal tetramethylsilane 
(TMS) and external H^PO^(85%) for ^H and ^^P n.m.r. 
I 
respectively tatlt. In practice, the direct use of H-^PO^ 
durIng routin e 3 It 
e 1 i mi na t e sat u|r a t i on 
I 
position of the H^PO^ 
n.m.r. spectra was avoided to 
of the spectra by H^PO^• The 
signal was first recorded against 
either D2O or (002)2^*^ which were used as external 
frequency lock systems, and which were sealed in thin 
j 
glass capillaries coaxically fitted to the ^^P n.m.r. 
[ 
I 
sample tubes through a vortex plug. The position of H^PO^ 
! 
against these {frequency locking solvents was found to be 
2800Hz (D-)0) a'nd 2910Hz (CD).^CO. Hence chemical shifts of 
o 1 
other ~'-^P signals from the samples were calculated with 
reference to these frequencies. There are two main 
advantages iti using this method. Firstly, if H2PO^ is 
used as an 1 external reference, the H..P04 signal can 
i 
easily b e s a t u rated a n d t h u s we a k sig na1s 1n t h e s a mp1e 
may not be m’easured. By using the above method a sample 
may be scanned over a longer period of time and this is 
1 75 
part icularly use £ul tor sparingly soluble samples where 
pulsing 
solutions 
for Ion ger period become feasible. Secondly, 
of reaction mixtures could be scanned without 
contamination b^ and possible reaction with H^PO^ (if 
I 1 1 added as an internal standered). The P n.m.r. spectra 
I 
were normally r^Lcorded at ambient temperatures (unless 
otherwise specilfied) in the proton decoupled mode. The 
chemical shift (js) are positive if down field from the 
refrence signa(j., n.m.r. spctra were simulated using 
Bruker's ENC-28;ITRCAL simulation and interation program. 
I The X-ray crystallographic results to be 
i 
referred to Ijater were obtained by colleagues at the 
Department of Cfhemistry University of Minnesota at Duluth I 
USA. Crystals I were grown for this purpose according to 
the methods to|be described later. Suitable crystals were 
carefully selected under a microscope in a N2 filled 
glove bag and Iwere sealed in 0.3 mm Lindeman capilaries. 
The X-ray powder diffraction data were 
aquired on a Philips P.W.1050 diffractometer equipped 
with a P.w.ioio generator. 
Mass spectra were recorded on a Hitachi- 
Perkin Elmdr model RMU-7 double focusing mass 
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Spectrometer (usually to find the solvent o£ 
I 
c r ys t a 11 i za t i o n ) .j 
[Approximate analysis for some samples 
were obtained | on a Hitachi 570 scanning electron 
I 
microscope, equiipped with a Tracer Northen X-ray micro 
I 
analysis systemJ Crystals were glued by carbon on carbon 
I 
stubs and coated with carbon. 
A Philips P.W.1540 X-ray fluorescence 
spectrometer equipped with a PW1130 generator and 2.7. KW 
Cr anode X-ray| tube was used generally to establish the 
presence of halide in samples. 
I Micro analytical data for carbon, 
hydrogen and j nitrogen were acquired on a Perkin Elmer 
model 240 bnalyzer and on a Control Equipment 
Corporatation's elemental analyzer model 240-XA equipped 
with an autoniiotic computer control system. For samples 
where combustion was incomplete under normal conditions, 
I 
either ^2*^5 ' ^ mixture of V20^ and WO^ were used as 
combustion ajids. Metal and phosphorus analyses were 
I 
obtained from an Allied Analytical System's Jarrel-Ash 
I 
ICAP 9000 [spectrometer with simultaneous el.ernental 
determinat iorf using an argon plasma. 
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M ,b 1 e c u 1 a r w e 1 q h t s we re cl e t e r rn i n e d e i t h e r 
“ 
in CHCl^ or in CgHg solution at ambient temperature using 
a Wescor 5500 vapor pressure osmometer calibrated with 
PPh^.' Accuracy '»j[as checked periodically by measurements 
ot the mo 1 ecu la i: weight o£ either PPh-,, a ppm or dppe in I J 
CHCI3 or in CgHgj. 
Melting points were recorded on 
Gallenkamp melting point apparatus. 
2,3, syntheses; 
A general p a t ter n wa s foilo we d £ o r mo s t 
of the synthesels which will be described in this chapter. 
I 
This involved lihe addition of the reducing agents, NaBH^ 
or NaBH^CN, tojthe CO-saturated Nl(II) chloride solutions 
in the presence of the appropriate phosphine ligand. 
Usually, the jreaction medium was either etliano 1/benzene 
j 
or ethanol/tojluene. Mixed solvent systems were used 
I 
because most j of the phosphines used are coinpietely 
soluble in betjizene or toluene whereas the nickel salt is 
soluble in ejihanol. The reactions were studied under a 
wide range o£j cond it ions and the more iinportant factors 
which were fjound to affect the course of the reactions 
are : ; 
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(a) the amount of NaBH^ / NaBH^CN used. 
(b) the rate of .^ddition of NaBH^ / NaBH-^CN, 
(c) the react ion ! time. 
I 
(d) the teiTiperat|ire . 
(e) the ratio of metal to ligand (phosphine). 
(f) the nature, of the phosphine used, 
I 
(g) the solvent jsysteiTi. 
(h) he rate of stirring. 
2,3.1. Dlcarbonylbls(tripheny1phosphine)nickeK0) 
Nl(CO)2(PPh3)2.j 
(a). From NaBHJ: 
I A stirred mixture of NiCl2-6H->0 (0.50g; 
2.10mmol) in ethanol (20mL) and PPh., (2.20g; 8.41mmol) in 
I 
toluene (30mL)lwas saturated with CO gas tor 40 minutes. 
To this lighjt greenish black solution was added a 
suspension of iNaBH^ (0.24g; 6.32mmol) in ethanol (15mL). 
The solution [immediately turned to reddish then yellow. 
i 
CO gas was [constantly babbled at a rate of ~2-3 
j 
bubbles/secontl for a further 1,5 hours during which time 
a cream coloured precipitate formed. This was filtered 
1 79 
of£^ washed witih ethanol (^lOrnL) and diethyl ether 
(~10mL), redissoljved in benzene (~25mL) and left at room 
temperature over (12 hours. The light cream crystals which 
formed were filtered off and washed with ethanol (~10mL) 
dietheyl ether (flOmL) and dried under reduced pressure 
yield: 20% I M.P. 130°C 
Analysis | 
Calcj. for Ni(CO)2(PPh^)2: 
C = 71.39% 
Fourup : 71.06 
H ^ 4.70% 
4.63 
(b). From NaBH^PN: 
j NiCl2-6H20 (0.5g; 2.1mmol) and PPh3 
(2,20q; 8 .44rmjio 1) were mixed and >3tirred in fjenzene/ 
I 
ethanol (1:1;j 60mL) under a slow stream of CO gas for 
about one houp. An ethanolic (30mL) solution of NaBH^CN 
( 
( 0.5 3 g; 8,4 rnmjo 1) w^a s t h e n a d d e d t o this g r e e n i s I'l b 1 a c k 
solution. CO gas was allowed to pass at a slow rate (2--3 
i 
bubbles/sec.)I through this solution for a further 2 hrs 
while it was ^birring. The light greenish-cream coloured 
suspension sj^ formed was filtered off, the residue was 
washed with ethanol (~10ITIL) and redissolved in benzene 
(~25mL) and ethanol (~10mL) was added. This mixture was 
t)ien kept asiide for four weeks during which time light 
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cfediu L‘i‘yrft-.dls wejfe tufnied, filtered o££ and v/.:i.sht;d with 
enthanol (~10vnL),j hexane (~10mL) and, finally dried under 
reduced pressure j . 
Yield : 40% 
2.3.2. Reactions! of Ni(11),dppm,NaBH^ or NaBH^CN and CO. 
This system has been studied under a 
range of reaction conditions and several interesting 
products have b|en isolated. The reactivities of some of 
these products!has been investigated. Details of these 
r e a ij 11 o n s a r e d e s c r i be d b e 1 o w. 
2.3.2.1. p-Carbonyl-p-bis[bis(diphenylphosphino)methane] 
bis{monocarbonylnickel(0)} . 
Ni 2 ( p-CO ) ( CO ) 2I1 p-dppm) 2 - 
(a) From NaBH^ 
j NiCl2-6H20 ( 0.50g; 2.10rnmol) and dppm 
(1.62g; 4.21mipol) were mi.xed in ethanol/toluene (1:1; 55 
mL) under a siow stream of CO gas. Then a suspension of 
NaBH. (0.24g 6.32 mmu1) n ethanol (15mL) wa; added 
dropwise to ! the stirred mixture over a period 10 
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minutes while Cp gas was still passing through tlie 
solution. The sjolution turned first to green then 
greenish grey , f^orming some solid suspension, CO gas was 
bubbled slowly (l~2-3 bubbles/sec.) for another two hours 
during which timd the suspension changed to orange. This 
was filtered ojff and the filtrate allowed to stand at 
room ternperaturje for two days during which time orange 
crystals formedj. These were filtered off, washed with 
ethanol (~ lOjmL) and then ether (~ 10 mL) and dried 
under reduced pjessure. 
Yield: 40% | M.P. 240'C (decomp.) 
Analysis: | 
Caljcd. for Ni 2 ( CO) ^ (dppm) 
C=65.61% 
Found; 6-5,7 8 
H = 4.53% 
4.6 9 
(b) From NaBH3(pN : 
A mixture of NiCl.,.6H20 (0.50g; 2.10 
mmol.) and djppm (2.83g; 7.36mmol.) in ethanol/benzene 
(1:1; 60mL) wJs stirred and saturated with a slow stream 
of CO gas over 25 minutes. An ethanolic solution (15mL) 
of NaBH^CN (0.49g; 7.77mmol.) was then added to this 
solution over a period of 15 minutes while CO gas was 
still passing through it slowly. The mixture was stirred 
for a further 3 hours under a slow stream of CO gas ( o _ ■ 
bubbles/sec.), during which time the solution turned to 
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green, then grelv until tlnally a white precipitate 
formed, This was 'filtered off, washed with hexane (-lOrnL) 
and ether (^lOmL). The solid was redissolved in benzene 
(~20mL) and hexane (-lOrnL) added. Crystallization 
occurred over ~|L2 hours at room temperature. The orange 
crystals were fjiltered off, washed with ethanol (~10mL) 
and dried under ^reduced pressure. 




2.3.2.1.0. Reacjbions of Ni ( u-CO) (CO) 2 ( p-dppm) 2 : 
I A number of rections were carried out to 
study the reajctivity of the metal-metal bonded Ni(u- 
I 






bis {monocarbonjylnickel (0)} 
Ni2(C0)2(P-SOj)(p-dppm)2 
! Dry sulfur dioxide was passed for ~5-7 
I 
seconds into a stirred orange solution containing NITV;-- 
CO ) ( CO ) T (dppm!) ^ (0,20g; 0.22mmol) in d ichlorornethane 
I 
(20mL), The | solution immediately turned dark brown. A 
layer of ethanol (~8mL) was carefully added and the 
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solution was le£t| for five days at room temperature. The 
dark brown needles so formed were filtered off, washed 
with ethanol (~10|inL) and hexane (~10mL), then dried under 
reduced pressure j 
yield: 13% j M.P. 230°C 
Analysis: | 
Calcd. Ifor Ni 2 (CO) 2 (SO2) (dpprn) 2 - 0.33CH2CI2- 
c| = 60.07% H = 4.25% 
Found: j 60.01% 4.48% 
2.3.2.1.2. Bis(|itroso)-p-bls[bis(diphenylphosphlno)meth- 
i 
ane]-bis{monocai:bonylnickel(0) } chloride. 
1 
[Ni2(CO) 2(N0) 2(jp-dppm) 2] [Cl2] 
I Int o a stirred or ange s o1ution o £ 
Ni 2 ( P~CO ) ( CO ) 2 I u-dppm) 2 (0.20g; 0.20mmol) in dichloro-- 
methane (20niL| nitric o:<ide gas was passed for ~8-10 
j 
seconds, resulting immediately in a dark brown colour. To 
this dark brOjWn solution, a layer of ethanol (~8mL) was 
added carefulljy and the mixture was left for one week at 
room temperatjure . A dark brown rnicrocrystal 1 ine product 
formed and w,^s filtered off washed with ethanol (~8ml), 
and hexane (-lOrnL), and dried under reduced pressure. 
Analysis: 1 M.P. 278°C 
Caljcd. for [ Ni 2 ( CO ) 2 ( NO ) 2 ( dppm) 2 1 [ Cl ] 2 
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? 7 7 
2.3.2.1,3. u-C^rbonyl-p-bis[bis(dlphenylphosphlno)meth- 
) 
ane ] bis {bromonicljel (I) } . 
Ni2( p-CO)Br2( ^-dj)pm) 2 
j . Ni 2 ( p-CO ) ( CO ) 2 ( l-‘-dppm) 2 (0.19g; 0.19 
mmol) was dlssoljved in dichlorornethane (lOmL) and stirred 
for about 10 minutes. To this orange solution aqueous 
hydrobromic acicj (20 drops; 48%) was added slowly. CO gas 
was evolved and|the resulting green solution was stirred 
I 
for a farther five minutes. The aqueous layer was then 
removed, and p layer of ethanol (~5mL) was carefully 
added to the remaining solution which was then left for 
four days at room temperature. The deep green crystalline 
product so formed was filtered off, washed with ethanol 




yield: 11% I M.P. 228°C 
Analysis: 
Calcd. for Ni ( CO ) Br T (dppm) ^ . 0.6 6CH.,C1 
I z. z z ^ ^ 
c = . 11% H = 4.20% 
’ound ; 5.05 4.25 
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2.3.2.1.4 . u-carlbonyl-’i-bls [bis (diphenylphosphino ) me tha- 
ne ]bis{iodonickel( I )} 
Ni2(p-CO)I 2(p-dppm)2 
An orange solution containing 
Ni2(CO)2(dppm)2 I (0.46g; 0.47mmol) in dichloromethane 
(~20mL) was stirred for about 10 minutes. Iodine (0.12g; 
0.473mmol), disiolved also in dichloromethane (~8rnL), was 
I 
added dropwisej to .this solution over ~6-8 minutes, 
resulting in thjs formation of a maroon coloured solution 
and the evolutjion of CO gas. The resulting solution was 
I 
stirred for a f|urther five minutes. A layer of ethanol or 
hexane ^~8-10 | mL) was then carefully added and the 
solution was Id ft at room temperature for four days. The 
I 
maroon m 1 cr0cysta 111 ne product so formed was; filtered 
off, washed jvith ethanol (~5mL) and hexane (^5mL) and 
then dried undpr reduced pressure . 
Yield; 13% j M.P. 228°C 
I 
Analysis: ^ 
Cajcd: for Ni2(CO)I 2(dppm)2•0.25CH2CI2. 
I C = 51,74% H = 3,74% 
Found: 51.93 3. 8<S 




To a stirred solution o£ Nl2(t~ 
CO ) ( c.u) ( n -d ppiTi) .i ( 0,0 6 2q; 0.0 6 4iTimo 1) 1 n d 1 ch 10r onie t hane 
(«20mL) was .added Iodine cryst.als (O.OOfig; 0,032mrnol) . 
The resulting green solution was stirred for a further 10 
j 
minutes while Co| gas was evolved. Ether was then allowed 
to diffuse slowljy into the solution over a period of four 
days at room ter|perature. The greenish-gray powder which 
I 
( 
formed was filtered off, washed with ethanol (~10mL) and 
dr 1 ed under redi(.iced pressur e . 




Cajlcd. for Ni 2I 2 (2 ' ^ 2 
i C-48.79% 
Found: 48.76 3.76 
2.3.2.1.6. Blspp-[bls(dlphenylphosphino)methane]bis id 1car 
bonylnickel (0 )!} 
Nl2(CO)^(u-dpp m) 
j This complex could not be isol.ated due 
to its inst.ability at room temperature in the solid 
i 
state. However, it was characterised on the basis of i.r. 
3 It n.m.r. data (see discussion). The complex was and 
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prepared when carbon monoxide was passed through a 
d ichlor ornethane solution (20mL) of Ni ( u-CO } ( CO ) o ( a- 
dppm)2 (0.32g; Q.33mmol) over a period of ~5-7 minutes. 
The original or.ange solution turned pale yellow in 
colour, forming I the required complex. This can be 
stabilised in solJjtion in the presence of an excess of CO 
I 
or if the reaction vessel is placed on an ice bath. All 
attempts to isol^ate this complex by adding hexane or by 
I 
evaporating thej solvent under reduced pressure were, 
1 
however, unsuccessful and only the starting Ni2(H-- 
CO ) ( CO ) 2 (;J-dppm) 2 complex was obtained. 




i To a stirred orange solution 
! 
containing Ni2|g-CO)(CO)2(P~dppm)2 (0.371g; 0.383mmol) in 
dichloromethane (~25mL) was added dropwise aqueous HCl 
(30 drops; 3J7%) . CO gas was evolved and the orange 
solution turned green. This was stirred for a further 5 
I 
minutes and the aqueous layer was then removed. A layer 
of ethanol (~JmL) was then carefully added to this green 
solution which was then left over a week at room 
temperature. The bright green crystalline compound which 
formed, was filtered off, washed with ethanol (~10raL) 
i 
and dried undler reduced pressure. 
18 8 
.Arid lys 13 : | 
I 
Found!; C-6 2 . 4 8% H= 4.7 4% 
I 
2.3.2.1.8. Reactions o£ Ni2(H~CO)(CO)2(u-dppm)2 with Sgt 
Ni 2 (IJ-CO ) ( CO ) 2 ( u-dppra) 2 ( 0.22g; 
I 
0.23mmol) was jdissolved In dichloromethane (25mL) and 
I 
stirred for afcjout 10 minutes under N2. To this orange 
so 1 ut ion was aded a suspension of Sg ( 0.06g; 0,23mmoL ) 
in d ichlor omet)|lane (7mL) dropwise over a period of 5 
minutes. The Resulting mixture turned black. This was 
stirred for a further 5 minutes. The black suspenssion 
was filtered of|f and a layer of ethanol (~10mL) was added 
carefully to the filtrate which was then left aside for 
two weeks. The black crystalline product so formed was 
filtered off land washed with hexane (~10mL) and dried 




M.P. 400°C (decomp.) 
H=2.65% S=25% 
2.3.2.1.9. Reactions of Ni(p-CO)(CO)2(p-dppm)2 with other 
metals. 
j Few exploratory reactions of Ni(u- 
CO) (CO) 2 ( p-dp!pm) 2 with Pt(COD)Cl2, HgCl2, ZnCl2 and CdCl2 
18 9 
were carried out). No solid product could be isolated in 
I 
these reactions. All these reactions were carried out 
under identical conditions, therefore, only details of 
one reaction [i.^. Pt(C0D)Cl2i will be given. Thus, to a 
stirring d ichlir ornethane solution (25rnL) of Ni2(h“- 
CO ) ( CO ) T ( u.-dppm) j2 (0.16g; O.lbmmol) was added Pt(COD)Cl2 
(0.06g; O.lSmmojl) in dichloromethane (lOmL) , The orange 
solution immediajtely turned dark purple, this was stirred 
for a further i|,0 miutes and a layer of ethanol (lOmL) 
was then added over a period of one week. The solvent was 
then removed u^der reduced pressure and the mixture was 
redissolved in dichlorometane (20mL) and hexane was 
slowly diffused over one week, no solid could be 
obtained . 
2.3.2.2 . Dicarljionyl-bis-ri" [bis (diphenylphosphino)methane ] 
n i c k e 1 ( 0 ) ! 
Ni(CO)2(g^-dpp^)2 
! A solution of NiCl2-bH20 (0.5g; 2.10 
i 
mmol) in eth^lnol (35mL) and dppm (2.ft2g; 7.26nimol) in 
benzene (25mL)! were mixed together, stirred and saturated 
i 
with a slow I stream of CO gas for 25 minutes. To this 
I 
dark brown suspension, an ethanolic solution (lOmL) of 
NaBH^CN (0.5g|; 7.94mmol) was added dropwise over a period 
190 
o£ lu n‘!inut-6“' whllt? CO '-f-dri still pdssliiM s.t 5. slow 
rate. This was stirred under a constant flow of CO gas 
for a further l.|5 hours, during which time the initial 
dark brown colour changed to purple, then blue, then red 
and finally a cream coloured precipitate formed. This was 
filtered off. k layer of hexane (~15mL) was added 
carefully to the filtrate which was then allowed to stand 
at room tempejrature over 12-hours. The colourless 
crystals which | formed were filtered off, washed with 
hexane (~20mL) ajnd dried under reduced pressure. 
Yield: 39% | M.P.=150^C 
I 
Analysis; j 
jcalcd. for Ni ( CO ) 2 (dpprn) 2 
I C = 70.69% H = 4.99% 
I Found : C = 70.59 H = 5.22. 
2.3.2.2.0. Reactions of Ni(CO)2(g"-dppm)2: 
Several reactions of Ni(CO)2(u"-dppm)o 
were p e r f o r mjs d t o ma k e h e t r o - and h o mo b i me t a 11 i c 
complexes. The details of these reactions are given here: 
2.3.2.2.1. -carbonyl-p-bls t bis(dlphenylphosphino)meth- 
ane ] -chloronlcfkel ( 0 )chloroplatinum( ll) . 
NlPt(p-CO)cl2 f u-dppm)2 
1 9 1 
I Solid Ni(CO)2(n"-dppm)2 (O.lOg; 0.12 
mmol) was added do a solution of Pt(C0D)Cl2 (0.44g; 0.12 
mmol) in dichloiromethane (15mL). The Ni complex readily 
dissolved and tl^e resulting solution immediately turned 
dark purple, A layer of ethanol (~6-8mL) was carefully 
added and the Lolution was left for four days at room 
temperature. The dark purple coloured crystals which 
formed were filtlered off washed with ethanol (~10rnL) and 
ether (-lOrnL) arid then dried under reduced pressure. 





Calcdj. for NiPt ( CO ) Cl 2 ( dppm) 2 • 0.3 3CH2CI 2 
I C = 53.61% H = 3.88% 
F o u n.|d ; 4,16 




I A suspension of PdCl2 (0.04g; 0.2mmol) 
I 
in acetone (~|l0mL) and water (~2mL) was added to solid 
Ni { CO } 2 ( n * ~dpf|m) o (0.17g; 0.2mmol). Benzene (~10mL) was 
added to th4 resulting mixture which was then shaken 
! 
manually forjabout ~20 minutes forming a dark greenisii- 
1 92 
purpl6 s us p(2 ns i Ojn, This Wcts till-srcd o££ di'id a l^uysr o£ 
hexane (~8mL) w^!s carefully added to the filtrate which 
was allowed to stjand at room temperature over a period of 
two weeks. The intensely green crystals so formed were 
filtered off, walhed with hexane (~10mL) and dried under 
reduced pressure 
Yield : 19% 
Analysis: 
Cal|Cd. for NiPd (GO ) Cl 2 (dppm) 2 • H2O 
! C=58.28% H=4.38% 
Found; I 58.01% 4.49% 
2.3.2.2.3. p-carbonyl-p-bis[bis(dlphenylphosphlno)meth- 
ane Ichloronicke|l(0)chloronickel( ID 
I 
Ni2( p-CO)Cl2( p-|dppm) 2 
dissolved in 
NiCl2.6H2O (0.07g, 0.31mmol) was 
ethanol (lOmL) and added to solid 





added and the resulting mixture shaken 
about 10 minutes forming a dark green 
layer of hexane (~8mL) was added to this 
‘h was then left aside for two days, during 
which time d.^jirk green microcrystals were formed. These 
were filterec| off, washed with hexane (~10mL) and dried 
193 
M.P. 210°C 
under reduced pre^usure. 
Yield : 35% 
Analysis: I 
CalcJd. for Ni 2 (CO) Cl ^ (dppm) 2 
I C=62.16% H=4.47% 
Found: 61.93 4.65 
2.3.2.2.4 . p-Carjbonyl-p-chloro-bls-p- [bis (dlphenylphosph- 
ino ) methane ] carbjonylnicke 1 ( 0 ) car bony 1 rhodium (I) 
NiRh( p-CO) (C0)2(|P-C1) (dppm)2 
j To a stirred ice cold toluene (l5mL) 
solution of Ni ((|;o ) 2 ( n "-“dppm) 2 (0.17g; 0.19mmol) under 
gas was added qpickly, a dichloromethane (~7mL) solution 
of 6.112(00)^012! (0.04q^ O.Oymrnol) toriTiing an orange red 
solution. Carbojn monoxide gas was passed through this 
solution for ^2-3 minutes forming yellow microcrystals, 
I 
These were fllltered off, washed with hexane (~15mL) and 
dried under reduced pressure. 
Yield: 11% 
Analysis: 
' M.P. 220°C. 
Called, for NlRh (CO ) 3CI (dppm) 2 • 1 • 25CH2CI 2 
i 
I C=56.5% H=4.0% 






This apparently different isomer of the 
complex described earlier, was also characterized in 
solution by n.m.r. spectroscopy. The complex was 
prepared when Nl(CO)^ is passed through an ice cold 
toulene soluticjn ( 20mL) containing Ni ( CO ) 2 ( H "-dpprn) 2 
(0.2Sg; 0.32mi|ol) forming a light-yellow solution. 
Attempts to iso 
reduced pressu 
CO ) ( CO ) 2 ( p-dppmi) 2 
ate the complex by removing solvent under 
e resulted in the formation of Ni2(i-- 
2.3.2.3. Unidenltified Complex; 
I NiCl2.6H2O (0.55g; 2.31mmol) in ethanol 
(40mL) and dppi-fi (2.04g; 5,31mmol) in toluene (15mL) were 
mixed and stirred under N2 for about 10 minutes. An 
ethanol ic sus^jens ion (lOmL ) of NaBH^ ( 0.21g; 5.53mmol) 
was added qujickly over a period of 2-3 minutes to the 
stirred mixturje, forming a deep green solution. This was 
filtered off land CO gas was passed through the filtrate 
for about ic| minutes resulting in the formation of a 
purple coloured solution which n.m.r. shows to 
contain a mi;<i:ure of complexes with at least one species 
1 
1 9 5 
containing a phoshido ligand as a major product (see 
discussion secti on The solvent was 






diffuse in slow 
of this complex. 
2.3.3. Reactions 
benzene (20mL) and hexane allowed to 
y. This did not result in the isolation 
of Ni(II),dppe,NaBH^ or NaBH^CN and CO: 
produced under 
3 e V e r ,;s 1 1 n t e r e s 11 n g p> r o d U c t s h a V 6 bee n 
a variety of reaction conditions from 
this system. Details of these reactions are summarized 
below. 
V 3 3 1 
f •_« » -J » J. t { p-B|ls (dlphenylphosphlno)ethane} -bis [carbonyl- 
n -{bis(diphenylphosphino)ethane}nickel(0)]. 
Ni2 (CO) 2 ( u-dppe ) ( r.^-dppe ) 2 • 
(a). From NaBH|: 
NiCl2-6H20 (0.5g; 2.1mmol) in ethanol 
(25mL) and dppe (1.67g; 4.2mmol) in toluene (30mL) were 
mixed together and sirred under a slow stream of CO gas 
for about 40 minutes. NaBH^ (0.16g; 4.2mmol) in ethanol 
(ISrnL) was ad^ed dropwise over a period of 15 ininutes to 
this dark b]|:own mixture. The resulting mixture wa: 
196 
stirred for a further 2 hours while CO gas was still 
passing at a slo;w rate (~2-3 bubbles/sec. ) . The yellow 
suspens i on so £orraed was filtered off, and the so 1 id 
residue was redissolved in dichloromethane (20mL), 
ethanol (lOmL) added and this was kept aside for a period 
of two days during which time yellow crystals formed. 
These were filt,Lred off, washed with hexane (lOmL) and 
dried under redu^Jced pressure. 
Yield: 13 % j 
(b). From NaBH^cj^N: 
( 0.50 0g; 2.10m 
4.OSmmol) in 
A stirred mixture of NiC.l2.6H2O 
ih\ol) in ethanol (3 5mL) and dppe (1.62g; 
benzene (35mL) was saturated with a slow 
stream of CO gals for 1 hour. To this dark brown solution 
was added drcjpwise an ethanol ic solution (15mL) of 
NaBH^CN (O.IO^; 5.25mmol) over a period of 15 minutes, 
I 
The resulting Isuspension was stirred for a further two 
hours while Co|gas was bubbled at a constant rate of ~2-3 
bubbles/sec, jrluring which time it turned first to red 
then to orangej and, finally, a bright yellow precipitate 
formed. This j was filtered off, washed with ethanol 
( ~ 10 rnL ) and hexane (~15mL) then redissolved in 
dichloromethane (30mL) and allov/ed to stand for two day.^ 
1 97 
.□(t room temperatu|:e. The bright yellow hexagonal crystals 
which formed wejre filtered off, washed with hexane 
I 
(~10mL) and dried under reduced pressure. 
M,P.= 210*^0 (decomp.) Yield: 15 
Analysis: 
Found 
Calid. for Nl2(C0)2(dppe)^ 
C= io.21% 5.26% Ni= 8.58% 
[70 . 10 5.35 7.93 
P= 13.59^ 
14.63 
2.3.3.2 . Carbonyl{n^-bls(diphenylphosphino)ethane}{g^-bis 
(diphenylphosphi no)ethane}nickel(0) 
Ni (CO) ( n^-dppe ) |ig^-dppe ) 
I NiCl2.6H20 (0.50g; 2.10mrnol) in 
ethanol (45ruL)| and dppe (2,51g; 6.30 mmol) In benzene 
(2 5mL) were miixed and sirred under a slow stream of CO 
■ 
gas, passing atj a rate of ~2-3 bubbles/sec., for about an 
hour. NaBH^CN I (0.35g; 5.48mmol) in ethanol (lOmL) was 
added dropwisej over a period of 10 minutes to this dark 
brown solution. The resulting yellow precipitate was 
filtered off j and the filtrate concentrated by vacuum 
evaporation tjo ~5mL. The resulting orange coloured 
substance was| filtered off, washed with hexane (^5mL), 
then with ethejr (~5mL), and dried under reduced pressure 




C^lcd. for Ni(CO)(dppe)2 
j C= 72.05% H = 5.44% 
Found 72,09 5.70 
2.3.3.2.0. Reactjions of Ni (CO ) ( n ^“dppe ) ( r>^“dppe ) : 
I Several reactions of Ni (CO) (n ^-dppe ) (r, 
dppe) were carried out to make bimetallic systems. 
I 
Details of thes4 reactions are summarised belowr 
I 
1 
2.3.3.2.1. B|is-p- [ b is (d 1 phenyl phosph 1 no )ethane]-bis{di 
carbonylnickel (|0 ) } 
Ni2 (CO) ^ ( p-dppe|) 2 
I 
J This complex could not be isolated in a 
I 
pure form, andjhas been tentatively formulated largely on 
the basis ofj^^P n.m.r. spectroscopy. The complex was 




(a) From NKCCjS^. 
Yield: 89% 
Analysis: 
) To an stirred dichloromethane solution 
) 
(25mL) containing N i ( CO )( n "-dppe )( n -dppe ) (0.31g; 
19 9 
0.3 5rnriio 1), Nl(co)j^ w.:ss bubbled for ci. period of lu fliinutes 
forming an orangje-ye 11 ow solution. Attempts to isolate 
this complex jby adding ethanol or hexane were 
unsuccessful. 'When the solvent was removed under 
reduced pressure an orange solid was obtained which 
decomposed on re<prystall izat ion . 
(b) From Mo(CO)g|: 
Mo(CO)g (0.08g, 0.30mmol) in THF (40rnL) 
was stirred and irradiated under a constant flow of 
1 
I 
gas. To this |light yellow solution was added solid 
Ni ( CO ) ( n ^-dppe ) n -dppe ) (0.26g; 0.29mmol) and the 
resulting solution was stirred and irradiated by UV light 
for a further 5{ minutes forming an orange solution. Again 
all attempts to, isolate this complex by adding ethanol or 
hexane were unsuccessful. 
2.3.3.2.2. Rea<j:tions with Pt(C0D)Cl2: 
N i ( CO ) ( n -dppe ) ( n *^-dppe ) (0.15g; 
0.17 mmo1) was 
about 10 minute 
dropwise Pt(ccj 
dissolved in CgHg (15mL) and stirred for 
To this orange solution was added 
D)Cl2 (O.OSg; O.lSmmol) in dichloromethane 
(lOmL) and tj;he resulting orange-purple solution wa: 
20 0 
stirred for a further lu minutes. This was then filtered 
and hexane was slowly diffused to the filtrate over a 
period of four djays . The solvent was then removed under 
reduced pressurje and the resulting mixture was 
redissolved in djchloromethane and a layer of ethanol was 
added. This was |hen left aside for a period of one week. 
I 
No solid product(could be isolated. 
2.3.3.2.3. Reactjions with Fe(CO)g: 
To a stirred solution of Ni(CO)(n^- 
dppe) (n "-dppe) f0.22g; 0.25minol) in CgHg (25mL) was added 
Fe (CO ) ( 8mL) |nd the resulting orange-red solution was 
stirred for a farther 10 minutes. This was then refluxed 
for 15 minutes ^nd was filtered. All attempts to isolate 
any solid pro 
diffusion of 
unsuccess ful. 
duct from the reaction filtrate by slow 
ether over a period of one week were 
hen the solvent was removed under reduced 
pressure, decomposition occurred. 
2.3.3.3. Bis (cj^ano } - [ rj -bis (diphenylphosphino ) ethane ] car- 
I 
bonylnickel (llj) . 
Nl(CO)(CN)2(dppe) 
NiCl., .6HoO (0.5g, 2.1mmol) and dppe 
2 0 1 
(1.6 7 y, 4 . 21 mi no 1 ) were mixed and ; t i r r e d 1 n t o 1 u e n e / 
ethanol (1:1, 60mL) under a slow stream of CO gas for 
about 40 minutes. An ethanolic solution of NaBHoCN 
(0.27g, 4.2mmol| in ethanol (15mL) was added dropwise 
I 
over a period oi 15 minutes to the dark brown solution, 
i 
while CO gas Was still passing at a slow rate (2-3 
I 
bubbles/sec.) through the solution. CO gas was passed for 
another hour. iThe resulting yellow precipitate was 
filtered off. After one week of room temperature standing, 
the filtrate was concentrated by passing a stream of 
nitrogen gas, jformlng a small amount of orange solid 
which was also|f i Itered off. The remaining solution was 
i 
concentrated to!a minimum volume by nitrogen gas, forming 
red microcrystals which were filtered off, washed with 
hexane and dried under reduced pressure. 
Yield: 7% 
Analysis: 
Caicd. for Ni(CO)(CN)2(dppe).0,25EtOH 
I I C=64.6% H=4.7% N=5.1% 
Found: 64.8 5.6 5.0 
2.3.3.4. Bis( cjyano)[g^-bis(diphenylphosphino)ethane]nick- 
el(II) i 
I 
Ni (CN) .,(dppe) 1 
^ I 
202 
I To ctn et-h.:a nolle solu.t-ion (SUriiL) 
G o n t a 1 n i n q N i C1 . b H 0 ( 0 , 5 q, 2.1 mm o 1} wa s a cl d e d d p p e 
4.1 
( 2.51 q; 6,3 mm o 1} | i n benzene (30 inL ) a n cl the r e s u 111 n g cl a r k 
brown mixture wis stirred under a slow stream of CO gas 
for about 40 minutes. An ethanolic solution (20mL) of 
NaBH^CN (0.66q; 10.48rnmol) in two equal portions was 
added dropwise t|0 this mixture over a period of 20mlnutes 
(10 minutes eachj) . Immediately after the addition of the 
first portion, t|he reaction vessel was transferred to an 
ice bath. CO 
bubbles/sec.) 
s u s p e n s i o n s o 
igas was bubbled (at a rate of 2-3 
^or a further 4.5 hours. The red-brown 
formed was filtered off, washed with 
ethanol (.-lOmLljand redissolved in CH2CI ^ ( ~30mL ) . A layer 
of ethanol (-l^LmL) was carefully added to this solution 
which was then Allowed to stand at room temperature over 
a period of tvjo days. Some more yellow crystals formed 
which were filltered off and the filtrate was allowed to 
stand three weeks at room temperature during which time 
well shaped rei crystals were formed. These were filtered 
off and washed with ethanol (-lOrnL) and hexane (~10m.l) 
under reduced pressure. 
M.P. 250‘^C (decomp.) 
and then dried 
Yield: 9% 
Analysis: | I 
Calcd. for Ni(CN)2(dppe).EtOH 
C=64.90' H = 5 . 413. N = 5- 05% 
2 03 
Found: (5 4 . 7 2 . 51 4.54 
2.3.3.5. Dicarbq 
ckel(0). 
Ni (CO) 2 ( ’-dppe ) 
nyl-r]^- [ bis (d i phenyl phos phi no ) ethane ]ni- 
was characterize 
This complex has not been isolated, but 
in solution by “’-^P n .m. r . spectroscopy. 
The complex can jbe prepared either from Ni(CO)2(PPh^)2 
from Ni { CO ) 2 ( n " "jdppm) 2 as described below. 
resulting solu 
(a) From Ni(CO)^(PPh3)2: 
To a stirred solution of benzene (25mL) 
c o n t a 1 a i n g N i (|C 0 ) 3 (P P h 3 ) 2 ( U , 4 2 g; U . 6 6 mmo 1) wa s a d d e d 
dppe (0.26g; 0.66mmol) in benzene (lOmL) and the 
ition was stirred for about 10 minutes 
forming a pale yellow solution. All attempts to isolate 
this complex by adding a layer of ethanol or hexane were 
unfortunately j fruitless and only very small amount of a 
mixture was obtained which could not be further purified 
even after repeated crystallization. 
(b) From Ni (col)(n^-dppm) : 
I ^ 2 
dppe (O.llg; 0.26mmol) was dissolved 
204 
completely in benzene (15mL). This was. then -added to 
solid Ni (CO) 2 ( 2 (0.23g; 0.26mmol) and the 
resulting solutilon was shaken manually for about 10 
minutes forming a pale yellow solution. Again all 
■attempts to Isolate .a pure complex by adding hexane or 
ethanol were unsdccessful. 
2.3.4. Reactions!of N1(II)^dppp^NaBH^ or NaBH3CN and CO 
j Although this system has not been as 
thoroughly invejstigated as the corresponding dppm and 
dppe systems, several exploratory reactions were carried 
out, and some interesting Ni(0) complexes have been 
obtained. Deta|Lls of these reactions and the methods of 




(O.SOg; 2.10 mm 
A stirred mixture of NICI2.6H2O 
101) in ethanol (50mL) and dppp (1.73g; 4.21 
mmol) in toluejne (lOmL) was saturated with CO gas for 2 
hours. After j-5 minutes, the dark brown solution changed 
I 
to wine red ar|d a solid started to form. A suspension of 
205 
of CO gas was st 
colour of this s 
then yellowish br 
minutes. The re 
NaBH^ ( 0.1 hg; 4 j. 21 mmo 1) ii'l ethan(31 (15mL) was added. 
dropwise over a period of 20 minutes while a slow stream 
ill passing through the suspension. The 
luspension changed to lighter brown and 
own. CO gas was passed for a further 15 
ulting yellow precipitate was filtered 
off, washed with ethanol (~10mL) and redissolved in 
benzene (~35mL). Ethanol (~35mL) was added and the 
mixture was allowed to stand at room temperature for 12 
hours. The yellow microcrystalline product was filtered 
off, washed wi 
(~15mL) and drie 
Yield: 11% j 
Analysis: | 
th ethanol (~10mL) and diethyl ether 
d under reduced pressure. 
M.P.= 126°C 








Ni ( CO ) 2 ( n'’-dppp ) 
j A mixture of NiCl2-6H20 (O.SOg; 
2.10mmol) in elthanol (25mL) and dppp (1.73g; 4.20mraol) in 
I 
benzene (35mL)| was saturated with a slow stream of CO gas 
and stirred for 1.5 hours. After five minutes the dark 
206 
brown solution turned to wine red and o. solid started to 
forra. An ethano 
2.1mmol) was th 
ilic solution (15mL) of NaBH3CN (0,13g; 
len added and the CO gas was allowed to 
I 
bubble at a rate lo£ ~2-3 bubbles/second for a further 1.5 
hour while the suspension was stirred. During this time 
it turned into a wine red solution. This was left at room 
temperature for 10-days, It was then concentrated by 
vacuum evaporation to -lOmL and allowed to stand at room 
temperature ovejr 12 hour. The pink microcrystalline 
product so formed was filtered off washed with ethanol 
(-lOrnL) and drie 
Yield: 18% 
d under reduced pressure. 
M.P. 149°C 
Analysis: 
Cal(j:d. for Ni ( CO) 2 (dppp ) 
I C = 66.1% H = 4.94% 
ound 6 6.08 4.79 
2.3.5. Reaction, 3 of N1{II),dppb,NaBH4 or NaBH3CN and CO 
This system was briefly explored, and 
the interesting results obtained are summarized here. 




To a stirred mixture of NiCl-> - 6HOO 
z. z. 
(0.5g; 2.1mmol) | and dppb (1.79g; 4.2mmol) in toluene/ 
|. 
ethanol (2:1, 6|0rnL) under a slow stream of CO gas was 
added dropwise and ethanollc (15mL) suspension of NaBH^ 
(1.12g, 29.5 mmol) over a period of 40 minutes. CO gas 
i 
was slowly passet^ through the resulting suspension for an 
additional two hours during which time several colour 
i 
changes took ^lace until, finally, an orange-red 
suspension was fjormed. This was filtered off and ethanol 
(~20mL) was added to the filtrate, which was then allowed 
to stand at rocjm temperature for a period of four days. 
The bright red crystals so formed were filtered off, 
washed with ethanol (~5mL) and hexane (-lOmL) and dried 
u.rider reduced pressure , 
Yield: 14% I M.P. 175°C (decomp.) 
j 
Analysis: | 
dalcd. for Ni(dppb)2•0•SEtOH 
I 
I C=73.29% H=6.32% 





N1 Cl 2 * 6 H 2 O ( 0.5 g; 2.1 mruo 1) a n d d p p b 
I 
(1.79g; 4.2rmonol)| were mixed together and stirred in 
benzene/ethanol 1(2:1; 60mL) for about one hour under a 
slow stream of Ccjrbon monoxide gas. An ethanolic solution 
(15rnL) of NaBH3Crjr (0.26g; 4.2 mmol) was added dropwise to 
I 
this mixture ov^^r a period of 20 minutes, while CO gas 
f 
was still passjing at a rate 2-3 bubbles/sec. Carbon 
monoxide gas was passed for an additional two hours 
during which time the colour of the suspension changed 
from redish-brown to yellowish-brown to darker brown and 
finally, a ye 1 llowish-brown suspension was formed. This 
was filtered off and ethanol (20mL) was added to the 
filtrate. This was allowed to stand at room temperature 
The pale yellow microcrystalline product 
filtered off, washed with ethanol (~15mL) 
reduced pressure. 
M.P. 190°C. 
for four weeks, 
so formed was 
and dried under 
Yield: 11% 
Analysis: | 






2.3.6. Reactions of Nl(ll),dpppe,NaBH^ and CO 
Q n 1 y a t e w r e a c 11 o n s o f a n e x p 1 o r a t o r; 
2 09 
nature were carried out on this system, and only one 





through a stirr 
Carbon monoxide gas was passed slowly 
ed mixture of NiCl2.6H20 (0.5g; 2.1mmol) 
and dpppe (1.91g; 4.3mmol) in toluene/ethanol (1:1; 
mL) for about 3 
50 
5 minutes. A suspension of NaBH^ (0.16g; 
4.21mmol) in dthanol (15mL) was added dropwise over a 
I 
j 
period of 15 minutes to this mixture, while CO gas was 
still passing it a slow rate (~2-3 bubles/sec.). The CO 
was passed for ^ further 4 hours. The resulting greenish- 
gray suspensiok was filtered off, washed with ethanol 
(-lOrnL) and redjissolved in DMF (25mL). Ether (lOOrnL) was 
I 
added and pinkj microcrystals formed over a period of 4 
months in a frdezer. These were filtered off, washed with 
ether (~20mL) and dried under reduced presure. 
Yield: 15% 
Analysis: 
M.P. 14 4*^0. 
Cald. for NiCl(dpppe)2•1•7^DMF 
C-65.9% H-6.27% 
210 
F fj i.j. ncl J fci 5.71 h , n K I
2.3.7. Reactions |of N1(II),cls-dppe,NaBH3CN and CO; 
I 
jAgaln this system has been explored only 
very briefly ex^ilored and only one comlex was isolated. 
The formulation of this complex is tentative. 
2.3.7.1. Bis-r|‘'l-cis - [ bis (1,2-diphenylphosphino) ethylene ] 
i 
nickel(0) | 
Ni ( rj“-ci3-dppee ) 2 • 
; A ml xtur e of Nicl2*6H 2O ( 0.5g; 2 . Imrno 1) 
and ci.s-dppee (i.66g; 4.19mmol) in benzene/ethanol (1:1; 
60mL) was stlirred and saturated with CO gas for 40 
minutes. To thjis was added an ethanolic solution (15mL) 
I 
containing NaBjH3CN (0.4g; 6 . 4mmol ) over a period of 10 
minutes. The rejsulting mixture was allowed to stirr for a 
I 
further 2 hours under a slow stream of carbon monoxide 
gas (~2-3 bubtiles/sec. ) . The red solution so formed was 
filtered, hexane (15mL) was added to the filtrate and a 
red crystal lijte product formed over a period of 4 days. 
This was fil|:ered off, washed with ethanol (-5mL) and 
hexane (~10mL)i and dried under reduced pressure. 










2 1 2 
j. Results and Discussion 
3.1. Introduction: 
q uit e clear t h 
complexes prese 
research. Thesei 
From the introductory section it is 
at phosphine substituted metal carbonyl 
nt a very interesting area of chemical 
complexes possess unique structural and 
chemical propertj; ies. It is also equally evident from the 
previous sectioji that these complexes have been prepared 
by several routes which may be summarised as follows. 
(i) . Direct substitution: Carbonyl groups in metal- 
carbonyls can be replaced by phosphines directly either 
by heating the jmetal carbonyls with phosphine ligands, or 
by refluxing jin a suitable solvent. The degree of 
substitution m.^y be controlled by adjusting the metal to 
ligand ratio. ! 
I 
(ii) . Photolytjic methods: U.V. radiation can also effect 
the subst i tutjion of metal carbonyls, usually in donor 
solvents in tile presence of phosphines. I 
(iii) . Substituted metal carboyls: Substituted rnetal 
carbonyl derivatives containing weakly bonded ligands 
2 1 3 
such as THF, acetonitrile, olefins, arenes etc. provide 
one very convenient route for the syntheses of phosphine 
substituted meta]l carbonyl complexes. 
(iv). Catalytic methods: In some cases, substitution of 
CO group(s) wit 
rather convenie 
h tertiary phosphines have been achieved 
ntly under catalytic conditions, for 
example by us ijng NaBH^. This method also reduce the 
i 
VO 1ta1ization of metal carbonyls. 
(v). Electrochemical methods: Electrochemical methods 
have also been 
1igands . 
used to replace CO groups with phosphine 
I Only first three routes have been used 
routinely and Jxtensively to prepare these complexes and 
in most cases the highly toxic binary carbonyls are the 
main starting materials. 
Preliminary results in these 
laboratories have shown that reactions between metal ions 
and NaBH4 in the presence of CO lead to the production of 
metal carbonyls."”" Also, reactions between metal ions, 
NaBH^ and phoi^'phines lead to the production of low valent 
metal phosphiiie complexes. It was therefore expected that 
2 1 4 
reactions betweeri metal ions and NaBH^ In the presence of 
both CO and tl^osphines would lead 
substituted meta^ 
to phos phine- 
carbonyls. These would presumably form 
in solutions ih which low valent metals are being 
produced and for! which both CO and phosphine can compete 
:or coordination ites . 
I The investigation to be described in the 
following pages is, therefore, a detailed study of the 
behaviour of Ni(II) towards NaBH^ (and NaBH^CN) in the 
presence of variety of phosphine ligands under CO 
i 
atmospheres andl under a variety of reaction conditions. 
I The seven phosphines which v/ere 
i 
initially chosen for the study are PPh->, dppm, dppe, ci.s- 
I 
dppee, dppp, dppb and dpppe. Reactions involving dppm or 
dppe with NiCl|).6H20 in the presence of NaBH^ or NaBHoCN 
r 
under CO atmospheres were more thoroughly studied while 
the reactionsj with the remaining phosphines were of an 
exploratory nature. The details of these reactions will 
now be descritled. 
I 
3.i. Ni (II )/PPh3/NaBH,^ or NaBH3CN/C0: 
I 
I The ligand PPh-:) is the only monophosphine 
215 
used in this sti^dy, v/ith most of the work involving the 
less bulky siisphosph ine ligands. Usually upori 
coordination, m<j:)nophosph i nes tend to form monomeric 
complexes, while dimeric complexes are often. obtained 
from bisphosphijne ligands. With monophosphines, the 
degree of substitution largely depends upon the steric 
bulk of the ligJnd 
This system, Ni(II) salt, NaBH^ or 
NaBHoCN, PPh3 ajid CO, is the simplest one investigated in 
this study. Ohe complex has been isolated and fully 
character ised ajnd n.m.r evidence for the formation of at 
least two more Icoiuplexes has- been obtained. However, all 
I 
attempts to ij^solate these other two complexes were 
unsuccessful. I 
In a typical synthesis, NiCl2-6H20 is 
reduced in-situ with NaBH^ in the presence of PPh^ under 
a slow strea^n of CO. The reaction goes smoothly to 
completion within two hours of NaBH^ addition, and forms 
a pale, cream coloured solid. This, on recrystallization 
from benzene Sind hexane, gives colourless or light cream 
coloured crysstals which chemical analyses have shov/n to 
be Ni(CO)2(Prh^)2 - The same complex is obtained as the 
major product when NaBH3CN is used instead of NaBH^. 
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Furthermore varying the ratio of rnetal to ligand or 
increasing the |quantity of NaBH^ or NaBH3CN does not 
appear to affectjthe reaction pathway. 
I This is a well known complex and has 
been used as !a catalyst since the 19 40's. Rose and 
! 
Statham^^" have synthesized it from the reaction of 
Ni(CO)^ and PPh- in ether under refluxing conditions but 
were unable to recrystallize the product. The same 
authors further reported that this complex catalyzes 
violently the pjolymer izat ion of phenyl acetylene, unless 
the compound ils diluted with a large volume of alcohol. 
Even in 10% 
vigorous and 
1 s alcoholic solutions, polymerization 
exothermic. Moreover this complex also 
catalyzes the conversion of 1-phenyl p>ropargyl alcohol to 
l,3,5-tri( o:-hydroxy benzyl ) benzene . 
I This complex has also been prepared by 
other routes, ^uch as treating NilPPh^)^ with CO gas in 
benzene or d ichloromethane , or by treating either 
Ni(PPh3)2CSeC(0)NEt2i2 NiCl2(PPh3)2 with CO gas""". 
The i.r. spectrum is shown in Fig.110, 
and the frequency values, together v/ith the literature 
values, are recorded in Table [10]. Tiie spectrum reported 
217 
I,r. and n.m.r. 
Complex 
Nl(CO)2(PPh3)2 
Table CIO) ; 
data o£ Mi CCO) 2 CPP)^3) 2 ' 
vCO c.m. 














(a) Our work. 
2 1 8 
I 
Fig. 110. Selected Features of the Infrared Spectra of 
® I 
Ni(C(b) 2 CPPh3) 2* 
i 
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here contains tv\fo additional weak vCO bands at 199 0 and 
1915 cm However, this was recorded in the solid state 
( N u j o 1 ) i n wii i c h 
that found in 
distortions ma y lower the s y rnme try £ r o m 
solution. The analogous palladiura and 
platinum de r i va^ i ve^3 , prepared from. M(PPh3)^ iM=Pd,Pt} 
and CO at high tLrnperature and pressure, also exhibit two 
^ 4 T ■ 
strong vCO band 
Table ElOn, 
3 in their solution i.r. spectra (see 
I .1 
j The n.m.r. spectrum o£ Ni(CO)2 
(PPh3)2 in bentene solution shows a singlet at 8=32.7 
ppm which is consistent with the value reported by 
Meriwether at 32.6 ppm"“ . Thus, the two coordinated PPh3 
groups are in a rnagne t i ca 11 y equ i va lent e n v i r onme n t, 
The H n.m.r.I spectrum shows resonances due to phenyl 
protons at 8=7 
determination 
17 and 7.22 p.p.m. as broad signals. 
In benzene solution, a molecular weight 
hows a value of 558 which is close to the 
value of 638.7j for the monomeric complex. 
formulation of 
All this evidence supports the 
this complex as a tetrahedral structure as 
4 = 2 
proposed earlier by Chatt and Hart , although some 
distortion from the idealized tetrahedral geometry may 
2 20 
have occurred due to the bulky PPh-^ liqands. 
The other two complexes which are formed 
from these reac+pions were ideiitified only by P n.m.r. 
spectroscopy. 'j?hus, when the reaction filtrate 
(containing anj excess of free phosphine) after 
N i (CO) 2 (PPh^ ) 2 been filtered off, is allowed to stand 
at -15~C (in a fjreezer) over a period of two weeks, a new 
I 
strong singled appears at S=30,6 p.p.m. Periodic 
rt 1 
monitoring of the P n.m.r. spectrum shows that this new 
species appears at the expense of Ni(CO)2(PPh3)2 (- 32.7) 
and of free phosphine (S=5.6) which suggests that the new 
species is most likely to be Ni(CO)(PPh3)3 
Ni(CO)2(PPh3)2 
Furthermore, when a benzene solution of 
with a small amount of free piiosphine is 
allowed to stiand at room temperature over a tv;o week 
period, a neW strong singlet occurs iii the '^'^P n.m.r. 
spectrum at p=24.6 p.p.m. Again, evidence from the 
! ^ 1 
periodic monijtoring by n.m.r. shows that this new 
appeals as the signal due to Ni(CO)3(PPho)3 
the same time the free phosphine content 




but it is pcjssible to speculate tliat the new specie>3 
! 
could be i ( CO ) 3 ( PPh3 ) , Ni 3 ( CO ) 3 ( u-CO ) ^ ( PPh 3 ) 3 or 
Ni(CO)2(PPh3)(CgHg) which could have been formed 
2 2 1 
according to following equation. 
2Ni (CO) 2 (PPh3 )l2 
Ph-P. CO CO 
\/\ / 
Ni Ni +2PPho 
,/ \ / \ 
CO CO PPh3 
or 
Ni(CO ) 2 (PPII3 ) 2 
IPPh-j 2 weeks 
IgHg room temp 
Ni (CO) 2 (PPh3 ) (CgHf- ) +2PPh3 
3.3. Reactionjs of Ni (11 ) , dppm, NaBH^ or NaBH3CN and CO, 
The reader will recall from the objective 
tliat reactions 
the presence 
of Ni(II) salts with NaBH^ and NaBH3CN in 
of dppm have been investigated in some 
detail in these laboratories."'". For example Khan has 
studied the injberact i ons of NiCl2.6H20 and Ni ( ClO^ ) 3 • 6H2O 
I 
with NaBH3CN lin the presence of a variety of bidentate 
phosphine ligands. With dppm, it was reported""'" that at 
least four 
[ N i ( BH3CN ) (dpi; 
major Ni(II) and Ni(I) products, 
m)2HCl04], Ni2(BH'3CN) (CN) (dppm) 2,Nl2 ( CN ) 9 
(dppm)3 and |Ni2(CN)2(dppm)2 can be obtained by the 
careful control of reaction conditions. 
folio Vv' 1 n g It will be clear from the 
2 2 2 





production of profoundly different 
from the many reactions carried out in 
this investigation between NiCl2-6H20/ dppm and NaBH or 
NaBH3CN under 
products are k 




CO atmosphere, at least three major 
I 
nown to be formed. At the present time, 
these have been isolated and fully 
The syntheses of these Ni(0) systems are 
to such factors as the ratio of metal to 
temperature and whether NaBH^ or NaBH3CN 
is used. Furthermore, not only are these complexes very 
air sensitive ii'i solution, but two of them are also very 
unstable in stjlution at room temperature. This made 
charaterization 
with solution 
work quite difficult and extensive work 
s kept at low temperatures in inert 
atmospheres wag required. 
Details of the syntheses and 
characte r i za t i (pns of the first two complexes, Ni2(r'“ 
CO) (CO) 2 ( P-dpp|Ti) 2 and N i ( CO ) 2 ( H “dppm) 2 will now be 
discussed. How 
will be discu 
ever the third complex, Ni2(CO)^(u-dppm)2, 
ssed later with the reaction chemistry of 
N i 2 ( r-“CO ) ( CO ) j ( u-dppm) 2 because it can be more 
conveniently Synthesized from the latter. 
I 3.3.1. Ni2(P-CO) (CO)2(u-dppm)2 
2 2 3 
This orange complex is produced under a 
wide cange of |concl i t i ons . It is best made from the 
reaction of Ni(|l2.6H20, dppm and NaBH^ under a CO 
atmosphere in a|mixed (benzene or toluene and ethanol) 
f 
I 
solvent system.j Details are given in the experimental 
I 
section. The c^burse of the reaction is dependent upon 
whether NaBH^ orj NaBH3CN is used, their amounts and also 
I 
on the Ni:dppm rjatio. Thus, a high yield is obtained when 
the NiCl2•6H20:dppm:NaBH^ ratio is 1:2:>5. If the amount 
of dppm is iilcreased or if NaBH^CN is used then the 
product is forrjaed along with varying amounts of a white 
complex. This |(see later) is slowly converted into the 
orange cornple 
d i ch 1 or ome t hanel. 
when the mixture is dissolved 1 n 
I The orange complex is stable 
I 
indefinitely j.n the solid state under an oxygen free 
I 
atmosphere, bui decomposes within ~12 hours when exposed 
to air. In solution it is even less stable if e.xposed to 
I 
air. i 
agree me n t 





Analytical data are in excellent 
the forrnulat i on Ni 2 (CO) 3 (dppm) 2 ' This 
new and was recently the subject of a 
brief conference presentation by Stanley et.al who 
2 24 
1 *■- Sported its prejyaration by frugment-.ijt 1 U f 1 u 
e J N i 
£ HC(PPh3)3 
from the compl x (CO)3[HC(PPh3)3]. No further details 
wore however (given. In addition, its surprising 
structure, established by X-ray crystallography, is a 
"cradle" type with both bridging dppm ligands on the same 
side o£ the molecule as compared to the expected A-frame 
. 
type of structu|re shown by the closely related Ni-7(u- 
CO)(CO)2(M-P-P)2I complexes [where P-P= R2PYPR2; R= CF3,F 
and Y= NH,NMe,S 
with the appropriate phosphine ligands.' ' In fact, 
the complex Ni^(u-CO)(CO)9 [S{PCFo)3)2^2 been shown 
1 ■" 1 by X-ray crystallography to have an A-frame structure. 
Also, while tjnis thesis was being written, DeLaet 
et.cil.^' ' repjorted that when the cradle Ni2(p~ 
CNMe ) (CNMe ) 2 ( u-ldppm) 2 complex is treated with carbon 
prepared from the reaction of Ni(CO)^ 
4 i 7 - 4 -i 
dioxide at 150C 
formation of N' 
-2200 psi over 48 hours it results in the 
i 2 ( p-CO ) ( CO ) 2 ( s~dppm) 2 • The same aut.hors 
have also prep^ired this complex by treating Ni(COD)2 with 
dppm and carbon monoxide gas. 
1 The Infrared spectrum is shown in 
I 
Fig.[Ill] and[ the carbonyl frequencies are recorded in 
Table [111- Fjive carbonyl absorptions occur in the vco 
region and it is quite clear that the molecule contains 
both terminal and bridging carbonyl groups. The lowest 
2 25 
Table [11]: 
I.r.. and n.m.r. data o£ N12 ( p-CO) (CO) 2 ( p-P-P) 2/^ derivatives and related 
I 
complexes. 
Complex v(CO) c.m. ^^Pn.m.r. ^Hn.m.r. ref. 
Ni2(p-CO) (CO)2(p-dppm)2^^ 2000 ( W) , 1972 ( s ), 19 55, 22.7 
Nl2(P-CO)(C0)2(P-L£)2 


























Ni2I2 ^ p-dppm)2 





























a= Nujol, b= Hexane, * SJiarp splices on the edges of the strong bands.v= very, 
S= strong, W= Weak; M= Medium, Sh= shoulder, x= our work, c=complex 
m= multiplet lf= F2P(CH3N)PF2, 
:F3)2, l3= (CF3)2PSP(CF3)2, ln=(CF3)3?(CF3)5?(NH)P(CF3)2 lm= (CF3)2(P(CH3N)PC  
2 26 
2 2 7 
frequecy absorpt|ion at 1790 cm " can be assigned to the 
I   A 
bridging carbon;^^! group. This is 101 cm * and 104 cm 
frequencies assigned to the bridging lower than the 
I 
carbonyl group:^ in the related cornplexe; Ni. 
CO)(CO)2[(F2P) 
{(CF 
■jNMe ] 2 " ' ' 
respectively. 
and Ni7(u-CO)(CO)9[r 
As mentioned above, the presence of 
bridging carbdnyl group in the latter 
established by 
has been 
X-ray crystallography. ' The higher 
bridging and terminal carbonyl frequencies in the i.r. 
I 
spectra of these covaplexes may be attributed to better 
n- acceptor prjoperties of these bisphosphine ligands as 
compared to dpp|m, resulting in less TT- electron donation 
* 




in the termi 
cm * probably 
structure whi 
Ttiere are diffj 
reported by I 
The two strong higher frequency 
jl972 cm " and 1955 cm " in Ni2(u~CO)(CO)9 
I 
j assigned to carbonyl groups coordinated 
bach metal atom, while tiie remaining b^inds 
nal carbonyl region at 2000 cm~" and 1915 
result from distortions in the solid state 
ch may cause a lowering of the symmetry, 
erences between this i.r. spectrum and that 
A ”7 i. 











































[113, In that jonly one strong band in the terminal 
carbonyl region has been reported by these authors, while 
this study show4 at lerist two strong band occurs in this 
region, as sho^n in Fig.lll. However, this difference 
may be attributijid to the NaCl cells used in this study 
while KBr cells were used by Delaet and coworkers, which 
possibly resulted in pooerer resolution. 
I The 31 I ' P n.m.r. spectrum in dichloro- 
j 
methane solutioij at room temperature shows a single sharp 
resonance at j S=22.7. All phosphorus nuclei are, 
therefore, in magnetically equivalent environments and 
the position off the signal is consistent with the dppm 
3 1 
ng the two metal centers. Similar “ P 
;1 shifts, have been reported for closely 
ligands bridgi 
n.ra.r. chemica 
related complexes such as Rh2(CO)2(u-dppm)2/~ 
C02 ( CO ) ^ ( p. -dppm) 2 " ^ ~ ^>3d [ Pt 2 ( ) ( Me ) 2 ( p 
3 I 
dppm)2 3 [BF^] 
1igands . 
all of which involve bridging dppm 
1, The H n.m.r. spectrum of this complex 
rature is quite complicated and shows two 
own in Fig. 112, due to methylene protons of; 
the dppm ligands, centered on S-2.58 and 3.40 p.p.m. 
respectively (with J(H-H)=12.5 Hz. The signal at 8=2.58 
at room ternpe 
mu 11 i p 1 e t s , s is 
230 
p.p.m. appears as two well defined overlapping quintets 
with a line separation [the apparent J(P-H)^ the average 
of J(P-H) and 'J(P-H)] of 4.32 Hz, while in the 
resonance at S-3.40 p.p.rn. the two overlapping quintets 
I 
are less well defined and the litie separation is ~5HS. 
This is probably due to the non equvalent methylene 
protons of the jcoordinated dppm virtually coupled with 
the four magnetically equivalent phosphorus atoms in this 
complex to give a doublet of quintets in an ABXX'X"X"' 
spin system. In addition, signals due to protons on the 
phenyl rings appear as two broad, unresolved multiplets 
! 
centered at S=6.95 and 7.31 p.p.m. 
j Attempts to measure the molecular weight 
of the complex jby osmometric methods were unsucessful due 
to limited silubility in the solvents used for this 
purpose (benzene and chloroform). In addition, no 
molecular ion |vas detected by mass spectrometry. 
There seems to be no doubt, therefore, 
that this comp'ound is the same molecule for whic.h Stanley 
et.al."^ “ detlermined the structure, although our method 
of preparation is very much simpler. It should be 
emphasised tfiat reaction of Ni(CO)^ with ma 11-bit! 





/ \ / 
Br 





cl i sub»t 1 tuted either munomeriij or dimeric complexes of 
the type Ni (CO)2(n -dppm)''~ and Ni2(CO)^(u- 
dmpm)2•"’^" No other substituted nickel carbonyl 
i 
complexes have been reported from the direct reaction of 
N i (CO) ^ with dppij(\. The Ni-Ni bond is shown in Fig.113(a) 




of Ni2(p-CO)(CO) (p-dppm) 2 • 
Complexes containing metal-metal bonds 
are well knowfi for their react ivi t ies “ For 
example, in reactions with SO.,, CO, NO, Cl “, Br ” and I" etc., 
I ^ 
I 
the metal-metajl bond may be cleaved, or small molecules 
may be inserteld across the metal-metal bond. Moreover, 
the oxidation jstates of the metals may also be changed 
( 
via oxidative I addition reactions. Examples of some 
typical metaljmetal bonded complexes and their reaction 
chemistry which have been reported in the last decade 
are Rh 21( CO ) 2 ( P~d ppm) 2 " ' ^ ^ 2 ^ ) 2 ^ k ~d ppm) 2 ~ ~' 
Pd 2CI2 ( p-dppm)j2 * and P tCl 2 ( i-'-dppm) .2 ." 
I Some of the reactions described in 
I 
this section !are preliminary studies and in some cases 
much more wofk is needed to identify positively all the 
I 
2 3 3 
products. 
Thus, it was expected that Ni-,(y.-CO) 
(CO) 2 ( :-'-dppm) 2, discussed above, would show similar 
behaviour and, indeed, it reacts with a variety of 
molecules, such as SO2,NO,HCl,HBr,I 2 and Sg etc. These 
I 
reactions are isummarized in scheme [III] and will be 





, This complex is prepared from 
reactions between dichloromethane solutions of Ni2(;j-CO) 
( CO) 2 (;J.-dppm) 2 
(for details se< 
appears to btj complete within 10 seconds. On additig a 
layer of ethanol to the reaction filtrate, dark brown 
I 
crystals formed over a period of five days. 
and SO2, which form dark brown solutions 
e experimental). The reaction is rapid and 
I The diamagnetic dark brown crystals are 
air stable butj, in solution, decomposition occurs withiPi 
! 
a few hours onl exposure to atmospheric oxygen. 
Chemical analyses are consistent with 
the. empirical formula Ni2 ( CO ) 2 ( SO2 ) (dppm) 2 • 0 . 33CH2CI2 * 
23 4 
Reaction c ■nemistry o£ NH ^-co) (CO) ^ ( M-ippm) j 




[Ni2^ CO) 2^ ( p-dp^m) 2 
] [ Cl ]  N i 2 ( P~CO ) ( CO ) 2 ^ 
*un- 





Ni2l2^ P-^^PP^^ 2 
N1 ? ( P-CO ) I 2 ( P-'3PP''‘) 2 
scheme [III) • 
235 
|2000 1900 
Fig. 114. Selected Features of the Infrared Spectra of 
Niz CCO)2 C^-S02)(M-dppm)2• 
2 36 
' -1 
The presence ot |dichloromethane was confirmed by the H 
n.m.r. spectrum (isee below). 
The i.r. spectrum in dich1 oromethane 
solution shows a^strong band at 1990 cm~" consistent with 
terminal carbonj'l groups. There is no longer absorption 
due to u-CO. In!the solid state (Nujol), the 1990 peak 
appears as a doublet at 1995(m) and 1982(s) cm“' as shown 
in Fig.114. This may be attributed to the distortions in 
the solid state. In addition, the i.r. spectrum shows 
absorptions at i|038 (.m), 10 4 5 ( m) , 117 3 ( w ) and 1195(w) cm-' 
] 
which may be assigned to the v(s-O) frequencies. Similar 
values for the bridging SO2 group have been reported for 
Pd( P-SO2 ) Cl 2 ( uj-dppm) 2"^^' PtPd(p.-S02)Cl2( u-dppm) 2 ^ ^ ' 
! _ 
PtPd ( U-S02 ) ( ) 2 ( u-dppm) 2 ' "and Pt 2 ( K-SO2 ) ( CECPh ) 2 ( 
dppm)2''*~ whichj are recorded in Table [11]. 
The 31 P n.m.r. spectrum in dichloro 
methane solutipn shows a single resonance at S=17.0 p.p. 
m., consistertt with bridging dppm ligands and 
! 
magnetically equivalent phosphorus atoms in solution. 
I 
' The n.m.r. spectrum shows two 
f 
unresolved multiplets centered at 6=1.87 and 3.75 p.p.m., 
which are atjtributed to the nonequivalent methylene 
protons of !the dppm ligands. The relented PtPd ( u-- 
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SO--, ) Cl., ( y-dppm) shows'"’ resonances due to the methylene 
protons of the Idppm ligands at 8 = 2,6 and 4.15 p.p.rn. 
Sim.llar values were observed tor Ni( u-CO ) ( CO ) 2 ( - ~dppm) 2 
discussed earlier. In addition, it shows two broad, 
unresolved resonances due to the phenyl protons of the 
dppm ligands at, 8=7.0 and 7.5 p.p.rn. and a resonance at 
8=5.3 p.p.rn., attributed to the protons of CH2CI2 present 
in the lattice. 
The existence of sulfur (from SO2) was 
further con£irmf;d by X-ray fluorescence spectrometry. All 
the evidence, j therefore, is consistent with the 
displacement ofithe bridging CO group by SO2 to give the 
new species, khown in Fig,113(b). A Ni-Ni bond is 
required to satisfy an 18 electron count on each nickel 
atom. ! 
3.3.1.2. Ni2(CO)^(p-dppm)2 
As mentioned earlier, some the 
complexes forrned in this investigation are extremely 
unstable. This is example of such a molecule. Evide.'ice 
for the formation of this comiplex was seen on several 
occasions n.m.r.), for example, in the filtrates of 
react ions t oI generate Ni ( g-CO) (CO) ( u-dpprn) 2 -^nd 
2 3 8 
N1 (CO ) 2 ( n ~ dp pin) 2 • 1-is 3 Iso prepsired when CO is passed 
dichloromethane solutions of Ni2(p- 
forming a pale yellow solution (details 
thr ouqh 
CO) (CO)2(dpprn)2, 
in experimental Section). This rapidly turns back to the 
original darker yellow colour when passage of the CO is 
stopped, Howevep:, at low temperEiture, the colour of the 
solution does Inot change, but all attempts to isolate 
this complex we 
even in the soli 
temperature. 
re unsuccessful. The complex decomposes, 
d state as soon as it is brought to room 
The i.r. spectrum, in dichloromethane 
solution at 0°c[, shows vCO at 2 08 0 ( m) , 2 018 ( sh ) , 2 0 0 4 ( v . s . ) 
and 19 55 (s ) cm 
only terminal c 
(as shown in Fig.115), consistent with 
arbonyl groups. For local symmetry two 
bands of jand symmetry are expected, and it is 
possible that! the other weaker bands at 2080,2013 and 
1960 cm-’' may be due to decomposition during the 
recording of the spectrum. In fact, two bands at 1991 and 
1927 cm-’ we|:e observed for the analogous Ni2(CO)^(u.- 
dmpm)2 comple-x, the structure of which has been 
unambiguously j determined by a single crystal X-ray 
diffraction st|udy. 
1 1 The low temperature P n.m.r. spectrum 
2 39 
2200 2000 1900 
Fig, 115. Selected Features of the Infrared Spectra of 
Ni^(cb)^CM-dppm)^ . 
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shows a single resonance at S= 17.9, suggesting that both 
dppm liga^d^3 ar e | coord i nated in a bridging mode and that 
I 
all the phophorui atoms are equivalent. However, when the 
sample is broughj: to room temperature the spectrum siiows 
only a singlej resonance at S = 22.7 due to Ni.2(u“ 
CO) (CO)2( u-dppm)l2 . 
J On the basis of the above evidence, it 
is clear that the reversible reaction 
+ CO 
Ni i 2 ( u-CO ) ( C(p ) 2 ( c-dppm) ^ NI2(CO)^(u-dppm)2 
•CO 
occurs readily 
pale yellow c 
, and it is reasonable to assume that the 
omplex is a nickel(0) species with a 
structure anallogoUs to that of Ni 2 ( CO ) ^ ( y-dpprn) 2 / as 
shown in Fig. 113(c), with dppm ligands cl^s to each other. 
This complex will be referred to again in the Jiext 
section. 
3.3.1.3. Ni2 ( p-CO)Br2 ( p-dppin) 2 
This complex was isolated, v/lien 
cl ichlor omethan 6 solutions 
treated with | acjueous HBr 
of N i 2 ( U "CO ) ( CO ) 2 ( U ”'3ppHi) 7 were 
, forming an intensely green 
solution fron) which, after adding ethanol, deep green 
2 41 
crystals v/ere ob 
indefinitely u 
decompose on exp 
ained over a period o£ four days. 
The diamagnetic crystals are stable 
nder nitrogen, but solutions slowly 
osure to atmospheric oxygen. 
agreement with 
Chemical analyses are in excellent 
the empirical formula Ni2(CO)Br2(dppm) 2. 
O.66CK0CI2- The presence of CH^Cl2 is supported by 
n.m.r. and ma^s spectroscopy. The mass spectrum shows 
peaks at 88,86 
at 88,86 and 51,49 are due to the presence '^'Cl and a 
combination of 
ifirmed by X-ray fluorescence measurements bromide was con 
84 and 51,49,47 due to CH2CI2. The peaks 
31, 
3 7 3 5 eland Cl isotopes. The presence of 
absorption at 
cm * lower in 
dppm) 'I 1 . This 
The i.r. spectrum shows a single 
__ ^ 
1775 cm *, due to a bridging CO group [15 
nergy than the parent Ni2(u-CO)(CO)9(p- 
lowering in the frequency may be 
rationalized in terms of increased back donation from the 
metal 'd' oridtals to the CO r orbitals due to 
coordination of halide groups. 
j The n.m.r. spectrum shows a single 
I 
;esonance at ' 8=23.5 p.p.m., consistent with bridging 
2 4 2 
dppm. The down field shift from the parent complex may be 
attributed to the deshieldinq of the phosphorus nuclei by 





I The n.m.r. spectrum shows 
lex multiplets at £=1.25 and 3.7 p 
ibuted to the methylene protons of 
two 
p . m. 
the 









protons. Two broad resonances 
arise from the phenyl protons 
a t 
of 
I All the evidence is consistent with a 
dimeric raoleculie in which each nickel atom is botided by a 
terminal bromijde and bridged by a carbonyl and two dppm 
j 
ligands in the Imanner shown in Fig.113(d). 
3.3.1.|. Ni2(u-C0)^l2(p-dppm)2. Cn= 0,1] 
I In contrast to the HBr reactions, two 
products were j isolated when Ni 2 ( M--CO ) ( CO ) 2 ( p-dopm) 2 is 
treated with j iodine. Compound A is greenish-grey and 
compound B is fnaroon. The complex A is prepared from the 
green solutidn which results when iodine crystals are 
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over a period of 
added In a 1: J+ mo 1 ar ratio to so 1 u.11 oris o£ Ni ^ ( u- 
CO ) ( CO ) 2 ('j“dppm) 4 . Ether was slowly diffused into this 
four days. However, when dichloromethane 
solutions of iodine are slowly added to solutions of 
Ni2(y-CO)(CO)2(u-dppm)2y (1:2 molar ratio), a maroon 
coloured solution Is formed from which complex B Is 
I 
isolated over a period of four days after adding hexane. 
extended period; 
Both of these complexes are stable over 
under nitrogen, but solutions decompose 
on exposure to oxygen within a few hours 
Elemental analyses are consistent with a 
chemical formhla Ni2l2 2 • ^ 
Ni2(CO)I 2(dppm)2•0•25CH2CI2 for B. The presence of 
dichloromethane in both is supported by mass spectra 
which show peaks at 88,B6,84 and 51,49,47. 
The i.r. spectrum of B shows a medium 
intensity ban<$ at 1775 cm^ ^ which is assigned to the 
bridging carbonyl group and is in almost the same 
position as for N i 2 ( M--CO ) Br 2 ( u-dpprn) , again suggesting an 
increased back donation to the carbonyl group from the- 
me tal atoms, 
c; o mp lex A. 
No carbonyl absorptions were observed for 
2 44 
31 resonance in 
bridging dppm. 
Ni2(H-CO)(CO)2(u 
Both of these complexes show a single 
I?* n.m.r. spectra at 8-25, consistent with 
The down field shift from the parent 
dppm)2 again suggests deshielding of the 
phophorus nucleij has occurred due to coordination of two 
iodide groups. 
The n.m.r. of A shows a resonance at 
8=7.4 p.p.m. for the phenyl protons of the dppm ligand. 
No other structural information could be obtained. 
it shows two broad resonances at 3= 1.25 However, for B 
and 3.0 p.p.m. attributed to the methylene protons of the 
dppm ligands, 
which is assig 
and a broad resonance at S= 7.5 p.p.m. 
ned to the phenyl protons of the dppm. In 
addition, bothj complexes show a resonance at 5= 5.3 
p.p.m. which arjises from the CH2CI2 protons. 
and Fig.113(e) 
16 electrons. 
The evidence suggests therefore, that 
these complexes are best represented by Fig.ll3(f) [A] 
[Bl. In each case the nickel(I) atoms have 
0 3,3.1.5 . ther reactions of Ni2(p-CO)(CO)2(u-dppm)2: 
24 5 
reaction: 
In the following section, additional 
of N i 2 ( u-CO ) { CO ) 2 ( u~dppm) 2 described, 
although the resulting products have not been fully 
characterised. I 
3.3 .1.5.1. (a) Reactions with NO: 
solutions of Ni 
The reactions of dichloromethane 
2(p-CO)(CO)2(p-dppm)2 with nitric oxide 
gas result in the formation of dark coloured solutions, 
which after th?: addition of ethanol, deposit brownish- 






In the solid state, this diamagnetic 
stable indefinitely under nitrogen, 
occurs when solutions are exposed to 
1985(v.s),1965 
The first two 
groups, while 
The i.r. spectrum shows absorptions at 
sh), 1775 (w, br) and 1558 (s)cm " (Fig.116). 
bands are attributed to terminal carbonyl 
)ie absorption at 1558cm * is attributed to 
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reported f^r the related Ir(NO)Cl 2(PPh^)2/~~ 
I 
V( CO ) 3 ( NO ) ( PMjte o ) 2 * “ ' and V( CO ) 3 ( NO ) ( dppm) ' ' complexes 
I 
which exhibit vNO absorptions at 1560,1582 and 1580cm 
j 
respectively/. The origion of the weak absorption at 
/ 
1775cm ~ cogld be due to some impurity. 
1 
The P n.m.r. spectrum shows a single 
; 
resonance 4t 8= 21 (and a much smaller resonance at S= 24 
/ 
I 
probably /due to an impurity). The resonance at 8= 21 
/ 
suggests / that both dppm ligands are bridging, 
/ 
Furthermore, when CO is passed into this solution, a 
signal due to Ni3(7-CO)(CO)3(H“dppm)2 appears at the 
/ 
expense j of the signal at 8= 21. Thus, the reaction 










The n.m.r. spectrum shows a broad 
at 6=7.37 p.p.m. attributed to the phenyl 
of dppm. No other information could be obtained 
n.m.r. spectrum. 
I 
I Reproducible chemical analyses have not 
/ 
yet 'been obtained, but the available data suggest an 
empirical formula [ N1 ( CO ) 3 ( NO ) 3 ( u-dppm) 3 1 ( Cl ] 3 , w)iere Cl 
might have been abstracted from CH2CI2, used as solvent. 
X-ray fluorescence indicates the presence of chlorine 
/ 
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citurns which I'liidy or iTidy not be due to CH->Cl2 in the 
I 
lattice. Thej fact that a solution of this compound in 
I 
ethanol react|s immediately with NaBPh^ suggests that the 
I 
I _ 
chlorine atoitCs) may well be present as Cl , and that the 
/ / 
compound may/ contain a Ni^(CO)(MO)(u-dppm) cation of some 
! ^ 
kind. Cleajfly more work is necessary before positive 
ident i £ icat/ion can be made, but one possibility is shown 
in Fig.6. ^hen a large excess of nitric oxide is used in 
the reaction a resonance at £= 27.4 due to a new 
\ 
symmetric.Jl species occurs. This species could not be 
isolated. 
3.3.1.5.2. (b). Reactions with HCl 
This is another reaction in which the 
Ni atdrns of Ni 2 ( ;J“Cn ) ( co ) 2 ( c-dppiu) 2 appear to have been 
I 
oxidized. Thus, wiieri solutions are treated with aqueous 
HCl, /green solutions are formed. Attempts to isolate a 
/ 
solid/ complex were largely unsuccessful, but in one 
/ / 
insta/nce a small amount of a green complex precipitated 
I 
i 
overj a period of one week after the addition of ethanol 
'I 
[prO|bably contaminated with unreacted N12 ( H-CO ) ( CO ) 2 ( p- 
I 
dppm)2^- A similar green complex is also prepared by 




The impure complex appears to be stable 
i!idet initely/ in the solid state under nitrogen, but 
solutions arje extremely unstable at room temperature and 
in fact, dei-ompos i t i on occurs even at lower temperatures. 
The i.r. spectrum shows absorptions at 
2002 ( m) , 19|72 (m) , 1952 (s ), 1788 ( w) and 1770(m) cm~ 
(Fig.117),' There are indictions (2002, 1778, 1770 cm. ") 
that eit/ier a hydride species is formed, among other 
complexej, which may have bridging dppm ligands, or a new 
/ 
car bonyl|'complex (other than that dlsscussed earlier) has 
/ 
been forimed. 
j The low temperature ’ ‘‘"P n.m.r. spectrum 
siiov/s / a strong resonance at S = 25.5 and weaker 
I 
resona/ices presumably due to impurities at 8--21.9, 26.2 
i 
and 271.6. 
I The n.m.r. spectrum shows resonances 
due jto the methylene protons of the dppm ligand as two 
ill broad unresolved multiplets at 2.5 2 5 p . p>, m. 
addition, it shows a broad resonance at S= 7.18 p.p.in. 
i 
to the phenyl protons of the dppm ligand. Moreover, 
250 
gi 117- Selected Features o£ the Infrared Spectra of 
I the product from react'-on of 
Ni2C^'CC;CCO)2C^’dppm)2 with HCl, 
251 
It also showsj broad unresolved resonances cit S= -8,2, 
18.2 and -19.i p.p.m. which may be attributed to hydride 
groups, which/ generally appear in the high field region. 
Thus, on the basis of these data it is 
quite cleajj( that at least one species with a hydride 
I 
ligand(s) his formed in this reaction. 
3.3.1,5.3. (c). Reactions with SQ. 
Ni2(p-CO)(CO)2(P“dppm)2 also reacts 
with elemental sulfur, forming a highly crystalline black 
complex. I The i.r. spectrum shows no absorptions due to 
carbonyl/ group, and the 31. n.m.r. spectrum shows a 




Chemical analyses reveal very low C 
H (-2.6%) and a significant amount of S(~26%). 
This (Complex clearly needs more work but given its highly 
/ 
crystalline nature, the chemical analyses are probably 
valid^. This means that the molecule contains only a small 
/ 
amouht of phospiiine compared to the amount of Ni and S 
i 
pres/ent. There is a possibility, therefore t!iat the 
) 
/ 
com.plex may be related to the recently characterised 
252 
NigSg(PPh3)n (flusters 
3.3.1.5.4./ (<3). Reactions with other metals-containing 
species. 
( In addition to the chemistry already 
described, j several reactions were carried out to try to 
add a thir^ metal across an existing metal-metal bond. To 
this author's knowledge, there is only one report'* of a 
I 
! 
metal-metal bond being cleaved by the insertion of a 
third mental, thus forming a trimetallic system. It was 
/ 
therefor^ of interest to investigate the generality of 
I 
this app/roach. For example, when N i 2 ( :-'~C0 ) ( CO ) 2 ( r~dppm) 2 
/ 
is treated with Pt(C0D)Cl2 in a 1:1 molar ratio tiie 
i 
origina,'L orange solution rapidly turned intensely purple. j 
Sirnilai^ treatment v/ith HgCl2 resulted in the formation of 
/ 
a dark^/brown solution. Clearly some kind of reaction has 
/ 
occurr/ed although no complex could be isolated. 
Clearly the reactions described in 
I 
secti/ons (a)-(d) are best described as exploratory, and 
i 
I 




Full details of the synthesis of this 
second dppm; complex are given in the experimental 
I 
section. Ho,wever, briefly, NiCl2.6H2Q/ dppm and NaBH3CN 
were reactdd in a mo 1ar ratio of 1 . to.b under a slow 
stream of po in a mixed solvent (toluene or benzene and 
I 
I 
ethanol) sjstem. The reaction goes smoothly to completion 
within 2-215 hours after the NaBH-»CN addition, giving an 
/ 
off vv'hite/ suspension. This was filtered off and hexane 
/ 
was added! to the filtrate which, after 12-16 hours in the 
I 
freezer /produced crystals of Ni(CO)2(H -dppm)2 in 38% 
/ 
yield. ^The yield can be further increased by 
concentrating the mother liquor under reduced pressure. 
The complex can also be obtained from reactions in which 
I 
tiie metal to ligand ratio is increased to 1:3 and then 
allowln/g the reaction filtrate to stand at room 
temperature over a period of 12-16 hours. Alternatively, 
NaBH^ /can be used instead of NaBHoCN, provided the higher 
metal/to ligand ratio is maintained. 
The colourless diamagnetic solid is 
stab/Le indefinitely when stored under nitroger^ gus, but 
in s/olution it oxidizes with in a few hours when ex£iosed 
to lair. As mentioned earlier, the stability of this 
254 
complex in solution is temperatv^re dependent which 
complicated the initial work on its isolation and 
.zat/ion. It must be dissolved in cold solvents 
and the solutions must be kept at O'^C or below under an 
inert atmosp/here all the time. Solution decomposition at 
higher temperatures can be prevented by maintaining an 
excess of /ligand^ but this is not useful when studying 
the properties or the chemistry of this species. 
Elemental analyses for carbon and 
hydrogen Are in excellent agreement with the formulation 
of Ni ( CO )/2 (dppm) 2 and the complex has been unambiguously 
characterized as a tetrahedral nickel(O) complex in which 
both dp|prn ligands are coordinated through only one of 
their phosphorus atoms (i.e. in a monodentate fashion), 
as showii in Fig.118(a). 
j Thus, the i.r. spectrum shows two very 
I 
stronc^i bands in the terminal carbonyl region of and 
I 
(C2y)I symmetry as shown in Fig.119. The frequency values 
of thjiese carbonyl absorptions are recorded in Table [12 1. 
I 
The cither three weak bands at 1978,1951 and 1900 cm " are 
■/ 
prob,hbly due to the distortions in the solid st=ate 
j 
structure. This i.r. spectrum is very similar to that of 
the, tetrahedral. monodentate phosphine complex 
2 5 5 
and 
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Ni(CO)2(PPho)2// shown in Fig.110, which was prepared 
during this stiudy and discussed earlier in section 3.2. 
The related nickel(O) complex Ni(CO)2[n'- 
Ph2P (CH2 ) 2^ (Ft/) ] 2 has been prepared’"'”' from Ni[n"- 
Ph2P(CH2)(Eu)]2 by treating it with carbon monoxide 
gas. This alsp exhibits two bands in the l.r. spectrum in 
the terminal/ carbonyl region, the frequencies of which 
are also recorded in Table [12]. This complex has also 
been assigned a tetrahedral geometry, with each phosphine 
ligand coordinated through only one phosphorus atom. 
There is, tfius, a close similarity between the spectra of 
tiiese complexes . 
The low temperature '^"^P n.m.r. spectrum 
of N i ( CO )/2 ( n ^-dppm) 2 in toluene solution is shown in 
Fig.l20(a8. This clearly shows two well separated 
multipletp each with P-P coupling. The downfleld 
I 
resonances are centered at 3=26.13, and are assigned to 
the coordinated P atoms of dppm , while the upfield 
resonances, which are centered at S=-23.74 and appear 
near tlfie free phosphine region, are assigned to the 
, , i 
uncoord|inated P atoms of the dppm . The P atoms labelled 
i 
AA' and XX' in Fig.118(a) signify two pairs of chemically 
equivalent nuclei wiiich are magnetically non 




















dppm)2 should therefore be second order and o£ the AA'XX' 
type'""^ which,/ theoretically, consists of twenty lines. 
I 
I 
The fact that I a centrosymmetric, twelve line pattern is 
observed clearly means that not all coupling 
/ 
poss lb i 1 i t i es /ar e being observed. In tact, it Hc, 
I 
i 
only twelve l^nes are expected and the spin system can be 
analyzed witih J^^ = 108.25 Hz, Jf^^'=2.21 Hz and J -IS. AX AA 
I -1 
Hz. Using ^hese parameters, a n.m.r. spectrum was 
I 
simulated bjy computer and this is shown in Fig.120(b). 
I 
Absolute sJ|*gns of coupling constants were, however, not 
caIculated.I The close similarity between the two spectra, 
I 
confirms tihat the spectral analysis is correct and 
verifies that the molecule has the structure shown in 
i 
I 
Fig. 1181a )|. The complexes Pt ( CH2CH2CH2CH2 ) ( n *-dppm) 2 and 
i 
Pt ( 1-naphtihyl) ( q ^-dppm) 2 ^ ^ containing two g.is-dppm 
I ^ 
ligands c<;)ord i na ted through only one piiosphorus atom have 
/ 
i - - 
analogous/ ■^-‘-P n.m.r. spectra based on an AA’XX' spin 
i 
system. ' 
A low temperature ^H n.m.r. spectrum 
shows ^ broad unresolved doublet of doublets resonance 
centers^ at 8 = 2.5 p.p.rn. due to the PCH2P protons of the 
/ 
dppm. jThese resonances occur due to coupling of the non 
/ 
I ~I  A 
equivalent methylene protons ( "^H-H'"^Hz) to tiie 
phosph/brus atoms ( '^P-H' ■^'^Hz). This is similar to the , = 10 
261 
iTie t- V) y 1 e a a p r o p o a r e s o a a a c e ? 
i 
naphthyl ) ^ ( n ‘ -d/ppm) 2 , 
u t d p pin i a Pt(l- 
P t(C g H ^ Me -o)2(n ^-d p pm)2 and 
P t ( CH2CH2CH2CH4 ) ( n *-dppm) 2 which occur at 1.97“"'" 
(complex mult|iplet), 2.23^“" (complex multiplet) and 
I 
2.90""" p.p.nji. respectively. In addition, M i (00)2(7"- 
dppm) e X h 11|;5 i t s broad resonance P - n 
p.p.m. which! is attributed to the phenyl protons o£ the 
1 
dppm ligands] 
Because of the instability of this 
complex atj room temperature in solution, a vaolecular 
I 
I 
weight could not be determined by osmoraetrlc methods. 
Thus, all the evidence given above is in 
I 
full agre/ement with the assigned structure of this 
complex, \ji/hich is shown in Fig.118(a). 
3.3.2.0. Reactions of Ni(CO)2(7^~dppm)2• 
j As expected, N i ( CO ) 2 ( n" “dppm) 2 is3 a very 
i 
reactivp molecule and a wide range of reactions lias been 
1 
( 
studied. For example, when ice cold solutions of 
Ni(CO)^(M^-dppm)2 ure treated with PPh^ in a 1:2 molar 
ratio,! ^^P n.m.r. spectroscopy shows the formation, over 
2 62 
several days, Li N L ( CO ) 2 ) 2 (discussed earlier) and 
free dppni, although coraplete conversion was not achieved 
even in the (presence ot an excess o£ PPh-^, It 
interesting toj note that a study o£ the reverse reaction, 
i.e., the j Eotrnation of Ni ( CO ) 2 ( " ^-dppm) 2 from 
j 
Ni(CO)2(PPh3)^ and an excess of dppm is also very slow 
\ 
and, again, j complete conversion was not achieved even 
over a period of several days. 
I It is well known that if the donor atoms 
I 
of bidentatii ligands are of the same element and the ring 
i 
formed by j the coordination of such a ligand does not 
involve uijidue strain, then a bidentate ligand will 
I 
replace mopodentate ligands (in this case monocoordinated 
bidentate ligands). This is known as the chelate 
effect, Thus, when Ni(CO)3(H"~dppm)3 is treated with 
dppe or jdppp (in a 1:1 molar ratio) n.ra.r. spectra 
( 
/ 
show sig'nals at S = 44.5 and 15.3 consistent with the 
I 
formatioh of N i ( CO ) ., ( g -dppe ) and Ni (CO)., ( n'^-dppp) , 
I 
respectively, as well as free dppm. Both of these 
I 
) 
complexf-is have also been prepared by different routes and 
iiave bepn fully characterized in this study (see later). 
i 
i 
However!, treatment of N i ( CO ) 2 ( n ' ~dppm) 3 with longer back 
bone carbon chain bisphosphine ligands, such as 
i 
! 
gives ( a mixture of unidentified complexes. 
263 
The solution formed when Ni(CO)2( I "~ 
dppm)^, in ide cold toluene solution, is treated with 
Ni(CO)^, shows a single resonance at b=15.7 in the 31t 
n.m.r. at roam temperature. Unfortunately, all attempts 
t< isolate c o 1 u p 1 e X £ r o m t ii i s s o 1 Li t i o n v/e r e 
unsuccessf tfl. / From the spectrum it is clear that all the 
phosphorus atoms are magnetically equivalent and that the 
dppm ligand is in a bridging mode. We believe that the 
following reaction occurs. 
I 
Ni(CO)2(n*-pppm)2 + Ni(CO)^  e Ni2(CO)^(u-dppm)2 + 2CO 
The resulting complex has been tentatively formulated as 
shown in F|ig.llB(b), where two N i (CO) 2 units are bridged 
by the t|wo trans dppm ligands. A trans- geometry is 
suggested| since the apparently isomeric complex, with 
uis- georr|etry has already been prepared from reactions of 
I 
N i 2 ( u~CO ^ ( CO ) ., ( u-dppm) 2 with CO and discussed earlier. 
I 11 
This sh|ows a chemical shift in the low temperature 
1 
n.m.r. /spectrum at E—18. As mentioned earlier, the ci^s 
I 
isomer j is unstable at room temperature forming the 
i 
startinig Ni2 ( c-CO) (CO) 2 ( p-dppm) 2 complex while the trans 
j 
isomer/is stable at room temperature. 
I 
26 4 
3.3.2.1. /Bimetallic complexes synthesized from 
Ni(CO)2(n ^-dppm)2 
; Complexes of this type, having 
! 
I 
bisphosphine ligands coordinated through only one of the 
/ 
phosphorus aitorns, have the obvious p>otential for the 
I 
/ 
c o o r d i n a 11 o n / o £ a n o t h e r me t a 1 a t o m, t h u s £ o r m 1 n g r 1 o mo - o r 
I 
heteronucleaji: bimetallic complexes. This convenient type 
of reaction jhas already been explored by several workers 
j ..-i 
(particularly Shaw and his coworkers’ ' ") and a large 
number of sjuch reports have appeared within the last few 
years on sgch systems. 
j Thus, Ni(CO)2(n*-dppm)2 reacts with 
several (^omplexes, particularly those containing weakly 
I 
bonded ligands such as Pt(COD)Cl2, Ni(CO)^, Rh2(CO)^Cl2, 
i 
NiCl2-6H^*0, C0CI2.6H2O and several others. One of the 
I 
resulting complexes has been unambiguously characterized 
by X-rayl crystallography as NiPt ( u-CO ) Cl 2 (S-'-dppm) ^ , while 
I 
I 
three cither complexes N i 2 ( [i~CO ) Cl 2 ( p-dppm) 2 / NiPd(u-CO) 
Cl2(u-d^pm)2 and NiRh{CO)^Cl(dppm)2 have been prepared 
and cha/racter ized . 
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32.1.1. NlPt ( ^-C0)Cl2 ( ^-dppiTi) 2 
j This is one of the most interesting 
complexes prepared in this investigation. Details of the 
- i synthesis are given in the experimental section. In a 
I 
I ' 
typical reaction a 1:1 molar ratio of N i ( CO ) - ( n -dpprn)o 
I z ' ^ 
i 
and Pt(C0D)Ql2 were mixed in dIchloromethane solution, 
I 
under nitro<^en gas. The reaction is very rapid and an 
j 
intensely coloured purple solution is formed, from which 
I 
purple cry:^tals were isolated over a period of 3-4 days 
I 
' ~ ! 
either by jthe slow diffusion of ether or by carefully 
adding a la,^er of ethanol. 
j This diamagnetic, purple complex is 
I 
stable ii^'def initely in the solid state under nitrogen. 
Once forijried, crystals appear to have very limited 
I 
I 
solubility in the common organic solvents, and the dilute 
j 
solution:^^ so formed rapidly decolourize. However, when 
j 
ground ^o powder, samples dissolve more readily in 
I 
dichloroiaethane and form purple solutions, which 
decomposite within 10-12 hours even under an inert 
/ 
atmosphere. 
I The chemical analyses are consistent 
I 
with the formulation of NiPt(CO)Cl 2(dppm) .0.5CH2CI2• The 
26 6 
presence of d^'ichloromethane was supported by both 
I 
I 
n.in.r. measurements and mass spectrometry. The mass 
/ 
spectrum show:^; peaks at 8 3,86,84 and 51,49,47 due to 
CH2CI2- The pejaks at 88,86 and 51,49 are probably due to 
'87 87 85 
the presence Cl and a combination of Cl and ''Cl 
-ray isotopes. The presence of CH2CI2 was confirmed by 
crystallographic results. 
5 2 5 
to be discussed shortly 
j The i.r. spectrum shows a medium 
intensity ijand at 1756 cm~" which suggests that the 
I 
carbonyl <^roup bridges the two metal atoms. This 
f 
frequency i/s in the same region, although higher than the 
I 
correspond|ng absorptions in the analogous complexes 
/ 
PtPd ( p-CO)|(:i2 ( p-dppm) 2 (1680 cm""),'^"'^ Pd 2 ( !-'-CO ) Cl 2 ( P- 
i - 1 2 A 




I The P n.m.r. spectrum in dichlorometh- 
i 
ane solujtion is shown in Fig.121. This spectrum consists 
of twoj pseudo symmetrical multiplets with a line 
I 
separat|!on of 299.2 Hz, each resonance containing eight 
i 
lines resulting from P-P coupling. The down field 
I 
multipllet centered at ~S = 27.5, with satellites due to 
coupling to 19 5 Pt can be assigned to the P atoms bonded 

















2 6 8 
‘'S-14.3 are attributed to the P atoms bonded to the Ni 
atom. Detailed .analysis of the n.m.r. spectrum could 
not be done due to decomposition of the complex, but the 
I 
sixteen line spectrum is typical of an AA’BB'X spin 
pattern [ F ig . 118 ( c ) ] . Pringle and Shaw have reported"* " a 
( 
3 1 
quite similar P n.m.r. spectrum for a related complex 
PtPd ( U.-3O2 )Cl/2 ( U“dpprn) 2 / although they were unable to 
i 
record the I'n.m.r. spectrum of the analogous PtPd(u- 
i 
CO)Cl 2(p-dppm)2/ due to its insolubility. 
The n.m.r. spectrum of NiPt(u- 
CO)Cl 2(u-dppm)2 in CDCI3 solution shows two broad, 
I 
complex multiplets in the region of 2.6-3.85 p.p.m. with 
! 19 5 
satellites: due to coupling to Pt, and these are 
I 
assigned to the non equivalent methylene protons of the 
I 
bridging d'pprn ligands. Similar values have been reported 
! 
for PtPd ( U-SO2 ) 2 ^ dppm) 2 " '^nd these are recorded i n 
' H ‘2 
Table [11],. It has been shown recently that the 
methylene protons of the dppm ligand in the n.m.r. 
spectrum, shows a characteristic splitting pattern and 
this is; very helpful in characterizing these complexes. 
These characteristic resonances appear since in the 
) 
i 
complexes like Pd2CI2(u~dppm)2 rapid conformational 
/ 
changes; in the CP2Pd2 ring render the two methylene 
protons equivalent while for the molecular A-frames, this 
2 69 
is not possible^ (no motions of the CP 2^2 can render 
/ 
the two methyl|ene protons of a dppm ligand equivalent). 
I 
Normally in A-frame type complexes, the two dppm ligands 
are equivalent by their symmetry. Therefore, the 
/ 
methylene projtons of the dppm appears as an AB pattern 
/ 
with J(j^ ) jin the range of ~12-15 Hz. Often, the 
chemical shi|ft differences between the two types of 
protons reac|h 0.5-1 p.p.m. Superimposed on this AB 
pattren is Ihe phosphorus-proton coupling which further 
I 
splits eachj resonance into a quintet. Thus, these 
patterns c^n easily be recognized. Although the 
n.m.r, spe^^trurn of the Ni-Pt complex is not very v/ell 
( 
resolved, |it clearly shows a similar pattern to the one 
I 
exhibited (by other related complexes, such as IrH2(u- 
S ) ( CO ) 2 ( P“ppprn) 2 ' ~ ^ ^ P“CO ) (CO ) 2 ( u-dppm) 2 • ' ^ In 
addition, j the Ni-Pt complex shows broad, unresolved 
multiplet:i between 7.2-7.6 p.p.m. which are attributed 
to the phjLnyl protons of dppm . In addition, a resonance 
I 
at 5.32 I p.p.m. is attributed to the CH2CI2 protoris, 
1' 
present is solvent of crystallization. 
I As mentioned earlier, the structure of 
1 
NiPt ( u.-<):o ) CI2 ( c-dppm) 2 has been confirmed unambiguously 
i 
by X-raly crystallographic studies, from which it is clear 
(Fig.122) that the Ni and Pt atoms are each bonded to a 
27 0 
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term Inal Cl atom and are bridged by two dppm llg.ands and 
one CO group. Tjhe metal. Cl and t!ie carbonyl C atoms are 
I 
essentially cc^planar . Furthermore, the phosphorus atoms 
and P(4) perpendicular to this plane, while the 
bond angles be/tween the atoms P^3^-Pt-P^^j and 01^2) 
C(l) 172.1' and 161.4' respectively, which means that 
i 
the Pt atom/ is in an approximately square planar 
i 
I 
environment, jin contrast, the geometry around the Ni atom 
! 
is considerably removed from square planarity. This can 
I 
be seen fropi the bond angles P(i)“Ni-P(2) ^'^(1)~^^“ 
C^]_j which ^le 145.7° and 150.1° respectively and this is 
in fact, iS| closer to a tetrahedral arrangement. Tiie Ni- 
j 
Pt bond djistance of 2.68A suggests the presence of a 
single met^al-metal bond, which would be consistent with. 
/ 
18 and j 16 electron counts on Ni(0) and Pt(II) 
I 
respect ive^dy. Alternatively, the formulation as Ni(I)- 
I 
Pt(l) woyld require either no metal-metal bond, or a 
double bbnd for diamagnetism. The former formulation is 
supported to some extent by the fact that. In solution, 
i 
the complex decomposes into Ni(0) and Pt(II) ('^'^P n.rn.r. 
S=22.2 and 64 respectively). Very recently, Jacobsen, 
i 
Shaw and Pett have reported'*' that in FeP t ( p.-CO ) ( CO ) 381 o 
i 
(p-dppm), the Fe-Pt distance is 2.647A (almost identical 
/ 
to the/ Ni-Pt distance), and on the basis of this, the 
1 
presencie oE a single rnetal-metal bond has been suggested. 
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Moreover, X~raylcrystallographic studies have shown that 
the Pt--Pt I distances 1 n P12 C12 ( P ~ d p p ill) 2 n d 
I 
Pt2 (HgClo ( d-dppm) 2 -are 2.651A and 2.712 A 
respectively, jwhich further support the postulation of a 
I 
Ni-Pt single bond in NiPt(u-CO)Cl2(p“dppm)2• 
3j. 3.2.I.2. NiPd( ',i-C0)Cl2( p-dppm)2 
j Full details of the synthesis of this 
I 
complex arel given in the experimental section. It is 
I 
prepared tijom the reaction of a 1:1 molar mixture of 
Ni (CO ) 2 ( -<iippm) 2 and PdCl2, in water and acetone under 
N2 (The wat/er is necessary to dissolve the PdCl2 which is 
I 
insoluble in organic solvents). The reaction is rapid and 
an intensely coloured greenish-purple solution is formed. 
Deep greetj microcrystals were formed over a period of two 
weeks, ^if^er carefully setting a layer of hexane over the 
reaction filtrate. 
This diamagnetic complex is stable 
indefinitely in the solid state if stored under nitrogen. 
I 
In contr|ast to NiPt ( u-CO ) CI2 ( s-dppm) 2 , the Ni-Pd complex 
I 
is highly soluble in d ichlor ornethane alt.hough the 
solutio|’is decompose with in an hour, if exposed to 
atrnospneric oxygen. Decomposition also occurs in solution 
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i 
a b o ve r o oru t e lupb r a t u r e . 
Chemical analyses suggest that the 
/ 
complex has I an empirical formula of NiPd(C0)Cl9 
(dppm)2-H20 lihe presence of water is supported by the 
I 
i.r. spectrum! which shows a broad band at 34G0 cm which 
/ 
I 
may be attrib|Uted due to an 0-H stretching frequency. In 
i 
I — i addition, there is a medium intensity band at 1788 cm 
and a very! weak band at 1712 cm. " The former is 
/ 
attributed tjo the CO group bridging the two metal atoms. 
This frequency is 32 cm ” higher in energy than the 
I 
analogous Nl-Pt complex (discussed earlier). The band at 
i7i: cm probably results from an impurity in the 
sample 
O -I 
/ The "^P n.m.r. spectrum in d ichlor ometh- 
i 
I 
ane soli^tion shows (Fig, 123) two sets of complex 
I 
multiplet^ centered at 8== 26.3 and 3= 20.4 and a singlet 
i 
at 3= -3|.3. Clearly some decomposition occurred during 
i 
the spectral run making a full analysis difficult, 
altiioughl careful inspection shows that the two multiplets 
I 
are very similar to each other and appears to be an 
AA'BB' jspin pattern. In fact, the spectrum is very 
I 
similarl to that of NiPt(u-CO)Cl 2(P“dppm)2 discussed 



























atoms bonded toj the Ni^ while the multiplet at £—20.4 is 
assigned to tlhe P atoms bonded to the Pd. The latter 
I 
shows rather bj^oader signals than the multiplet at S = 26.3 
I 
indicating thj^t some changes are occurring at the Pd 
/ 
environment. l|his is probably due to the fact that the Pd 
I 
is more liktply than the Ni atom to lose a CO group in 
' / 
solution. Forj example, studies on PdPt ( y.-CO ) CI2 ( u-dppm) 2 I 
show that t|his complex does not lose CO as readily as 
I 
does Pd2 ( 1-1.-00)012 ( u-dppm) 2 but probably more readily than 
does Pt 2 ( p-C|b ) Cl 2 ( p-dppm) 2 • ^ ” The signal at £= -3.3 may 
be assigned to dppm coordinated in a chelating mode to 
I 
Pd. This isialso supported by the tact that decomposition 
I 
of Ni ( CO ) 2i( n -dppm) 2 leads to the cradle complex Ni2('-'- 
CO ) (CO ) 2 ( u-fdppm) 2 A N i ( CO ) ^ ( Li-dppm) 2 ^nd free dppm. Thus, 
decomposit/ion at the Ni site will be more likely to form 
1 
the above |mentioned complexes preferentially. 
! The ■‘'H n.m.r. spectrum in CD2CI2 
I 
solution (for NiPd ( j-i-CO ) CI2 ( p-dppm) 2 shows two unresolved 
I 
complex |multiplets due to non equivalent methylene 
protons I of the dppm ligand centered at £-3.69 and 
4.25p.pjm. Sample decomposition, once again, precluded 
any dejiailed analysis. However, tlie pattern appears 
I 
similar| to that observed for NiPt ( u-CO)Cl2 ( p-dppm) 2 • u 
additiijn, it shows broad multiplets due to the phenyl 
276 
p r o t o n s o £ d p pm 1n t h e r e gIon 7,25-8.10 p.p,m, 
Finally, the X-ray powder diffraction 
patterns of the Ni-Pt and Ni-Pd complexes are identical, 
strongly suggesting that the two complexes have very 
similar geometries. Thus, as with the Ni-Pt compound, the 
I 
most reasonable electronic arrangement would be Ni(0) 
and Pd(II) atoms [Fig.ll8(d)]. 
3.3.2.1.3. Ni2(p-C0)Cl2(p-dppm)2• 
This complex is prepared (see 
experimental) from 1:1 mixtures of N i ( CO ) 2 ( n ^-dppm) 2 
NiClT.SHoO/ in a mixed solvent system under nitrogen. This 
" I 
reaction jis also very rapid and the deep green solution 
whici’i forn'is produced deep green microcrystals over a two 
( 




I The green diamagnetic complex is stable 
i nde £ i n i|te ly in the solid state under nitrogen and, like 
I 
the Ni-^d complex discussed earlier, is highly soluble in 
/ 
d i ch 1 or brne thane . However, these solutions decompose 








N i 2 ( u-CO ) ( CO ) 2 ( p-dpprn) 2 . Chemical analyses are consistent 
I 





I The infrared spectrum shows a medium 
i 
i - _ 1 
intensity abso'rption band at 1769 cm , consistent with a 
CO group bridging the two nickel atoms. The analogous 
palladium"*^’" <and platinum*"' complexes exhibit vCO bands 
! 
at 1705 and 1|638 cm respectively as has been mentioned 
i 
earlier. These i.r. frequencies clearly decrease in the 
! 
order Ni-Ni >|ki-Pd>Ni-Pt with the Ni-Pd value being very 
1 
close to thej average of the other two. It is interesting 
I 
to note thai a very similar situation arises in the i.r, 
M2(H-CO)CI2(p-dppm)2 (M=Ni,Pd and 
^ "1 
The ‘^■^P n.m.r. spectrum of 
in dichloromethane shows a 
resonance:at S=22.2. This indicates that in solution all 
P atoms are in a magnetically equivalent environment, at 
least on ;the n.m.r. time scale. Similar observations have 
been reported earlier for the analogous Pt complex,**' 
where both metals have been suggested to be in the +1 
oxidatiqn state, which is supported by the fact that the 
neutral; CO group is inserted into the Pt-Pt bond of the 




i *7 'y 'i- '7' -t'i 
Pt). ' ! 
CO )Cl2 ( u-d'ppm) 2 
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prepared by a| different route, v/here Nl(0) and Nl(II ) 
were reacted together in a manner similar to that used 
for the synthesis of the Ni(0)-Pt(II) complex dicussed 
i 
earlier. On th^ basis of this reasoning, it is suggested 
i 
that it may hajve produced a mixed oxidation state Ni{0)- 
i 
Ni(ir) complex [Fig.118(e)], analogous to that of the 
I 
Ni(0)-Pt(II) pomplex and, in the s-Olid state, it may have 
a tetrahedra/l geometry around Ni(0) and probably square 
planar arounJ Ni(II). However, in solution only an averge 
of these twl> geometries is observed, making the P atoms 
i 
magneticall^j equivalent. Alternatively, it may have 
I I 
produced a y i (I) dimeric species with no metal-metal bond 
which would! be analogous to Pd2(p-CO)Cl 2(p-dppm)2" ^nd 
i 
Pt 2 ( i-'-CO) CI2 ( M~dppm) 2 reported earlier. A single 





i 1 i The H n.m.r. spectrum of Ni2(p- 
CO) Cl 2 ( M-jSppm) 2 in CDCI3 solution shows two broad, 
I 
unresolved rnultiplets for the methylene protons of the 
i 
dppm centered at S-3.0 and 3.6p.p.m. respectively. 
i 
Although' this spectrum is not very well resolved, the 
i 
i 
pattern I is quite similar to that observed earlier for 
I 
Ni 2 ( P“C6 ) ( CO ) 2 ( H'-dppm) 2 <^nd N iPt ( u-CO ) Cl 2 ( p“dppm) 2 • These 
characteristic rnultiplets occur as a result of the non 
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equivalent rneth/ylene protons of the bridging dppm ligands 
in 'A frame' type complexes. In addition, this complex 
also shows a broad and unresolved multiplet centered at 
£=7.20 p.p.m.l which may be attributed to the phenyl 
protons of tht| dppm ligands. 
I Results from several X-ray Powder 
diffraction Ipatterns were not definitive. The complex 
clearly diffracts poorly and the patterns are extremely 
weak even af/ter long exposure times. There appears to be 
close s imi l.^r it ies between the patterns of the Ni-Pd and 
I 
Ni-Pt compounds but, on the basis of these results, it is 
not clear whether all three complexes are isostructural. 
3.3.2.1.4. NiRh( ji-CO) ( CO ) 2 ( p-Cl ) ( p-dppm) 2 
This bimetallic complex is obtained when 
Ni (CO) 2 ('"i! "-dppm) 2 is treated with Rh2(CO)^Cl2 in a 1:0.5 
molar ritio in toluene/dichloromethane under CO (see 
exper ime|ntal for details) forming a yellow 
micr ocri/sta 11 ine complex of analytical purity. The 
presence of Ni,Rh and Cl was confirmed from the X-ray 
£ 1 uores|cence spectrum. This diamagnetic complex is stable 
indefiriitely under dry nitrogen, but solutions decompose 
280 
f 
wh e a e X p o s e d t ol a t luo s p h e c i c o x yg e a . 
I Chemical analyses are consistent with 
the emperical |formula NiRh(CO)3CI(dppm)2 - 1•25CH2CI2• The 
I 1 
presence o£ (J,H2Cl2 is supported by a H n.m.r. spectrum 
I 
which shows a| resonance at 3=5.32 p.p.m. for the CH2CI2 
I 
protons. j 
j The i.r. spectrum shows (Fig.124) 
I 
absorptions j at 2010(s),1975(vs),1965(vs) and 1878(m) 
cm. ^ The /lowest energy band, which is well separated 
I 
from the |>ther three, is attributed to a bridging 
carbonyl gr/oup. A similar value ( 1873 cm for the u-CO 
/ 
of [FePt(d-CO)(CO)o(acac)(dppm)1[BF4] has recently been 
observed.~f The remaining three absorptions are assigned 
i 




I The n.m.r. spectrum is shown in 
I 
Fig.125 land shows two sets of three line resonances (at 
32.3 MHz) centered at 3=21.5 and 18.0 respectively 
I 
showing b~P coupling and, possibly, P-Rh coupling. There 
/ 
are appalrently too few lines for a bimetallic system such 
as thl:4 [Fig. 118(e)] where an AA'BB'X type of spectrum 
I I 
would be expected. It is not clear, at this stage, why 
I 
such an unusual spectrum is observed, although if some of 
( 
I 
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Figi 124. Selected Features of the Infrared Spectra 




























































































result and these might not be well resolved at 32.3 MHz, 
A similar type'of spectrum has recently been reported^^” 
for the related complex [PtRh(CO)(u-MeCEC)(MeCEC)(u.- 
dppm)2][Cl], IThis also shows two sets of three line 
resonances, one centered at S-21.I with '^Rh-Pg~115, and 
the other for the Pt bonded P atoms, centered at S=0.3 
with Pt satel^lites. At present, the spectrum of the Ni-Rh 
I 
coiTiplex could not be analyzed further. X-ray 
/ 
crystallogra|phy would be highly desirable to characterize 
unambiguously this complex and higher field P n.m.r. 
studies mig/it also be helpful. 
i 
In addition to these reactions several 
others w0re studied in attempts to prepare more 
j 
bimetallic/ complexes. Thus, 1:1 molar reactions between 
J 
Ni(CO)2(nI-dppm)2 and C0CI2.6K2O in benzene/ethanol 
produced /dark brown crystals, which show CO absorptions 
I 
in the i .'r . spectrum at 1955(w), 1940(s) 1780(v.w) cm. 
and tv/o very broad resonances probably due to 
/ 
31 paramagnetism in the P n.m.r. spectrum because of a 
low yiel'd and time limitations, further work could not be 
/ 
done on this species. Similar reactions were also carried 
out with HgCl2, ZnCl2 and Fe(CO)c. However no complexes 
have yet been isolated. 
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3.3.3. Other reactions; 
In addition to the already discussed 
complexes wit:h dppm it has been observed that, when the 
j 
sequence o£ ? the reaction is changed some very unusual 
I 
i 
complexes ar|e formed. For example^ when NaBH^ is added 
/ 
quickly to |a mixture o£ NiCl2.6H20 and dppm (1:2.5) a 
green solut^^on is formed which on treatment with CO gas 
produces aj purple solution (see exper imenta 1)., The 
I 
n.rn.r. spectrum of the purple solution shows, in addition 
i 
to other /signals a triplet (~J=58Hz.) centered at 3- 
239.4 and I two sets of doublet resonances centered at S = 
I I 
15,3 (~J=58.4Hz) and -26.7 (~J=67,1). The chemical shift 
of triple/t clearly indicate the formation of a species 
i 
I cr -•> 
containing phosphido ligand,"' produced from dppm by 
! 
the cleavage of a P-C bond. This species may also have 
/ 
bridging dppm (S=15.3). All attempts to isolate this 
complex by adding hexane or ethanol or by removing 
/ 
solvent ; under reduced pressure were unfortunately 
unsucceS'S £ul . It is not clear at this stage how or why 
cleavage of P-C bond occur under such mild conditions. It 
is interesting to note here that similar reactions with 
Co prqduced a known phosphido complex C07 ( CO ) ^ ( u-H ) ( ij- 
PPh 2 ) ( :i-'-dppm) . ' ' "' 
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3.4. Reactions o£ Ni(II), dppe, NaBH^ or NaBH3CN and CO. 
It was mentioned earlier that the vast 
majority of dppe containing complexes involve the ligand 
i 
in the chelat/lng mode, while dppm is much more versatile 
I 
in its cooiidinatlon. This is mainly due to the ring 
i 
strain imposed on the four-membered ring formed by 
j 
chelating dppm whereas the £ive-membered ring formed by 
• - i 
! 
chelation <pf dppe is strain free. As a consequence of 
i 
this, thesp two bisphosphine ligands behave in very 
I 
different ways, and produce quite different products from 
reactions (carried out under very similar conditions. In 
I 
some cases there are even differences in the oxidation 
I 
I . 
states of .'the metal ions in the complexes formed. 
An extensive investigation has been 
I 
carried /out in this study on the reactions between 
i 
NiCl2-6HgO, dppe and NaBH^ or NaBH3CN under a CO 
/ 
/ 
atmosphe/re. Of the several products which have been 
obtained, four are reasonably well characterised, 
althougfi, as will be seen later, unusual features of at 
I 
least lone of them make confirmation of the proposed 
I 
I 
structure by X-ray methods highly desirable. The 
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aynthsst'S ot t/ht336 Ni-dpp6 L-ornplt5M6s very sensltl’/e 
to such factors as the ratio of the metal to phosphine, 
i 
the nature of;the reducing agent (NaBH^ or MaBH^CN) and 
I 
the time of th/e reactions. 
3/. 4.1, Ni 2 (CO ) 2 ( p-dppe ) ( T) -dppe)2 
This complex can be made under a wide 
range of cord'd it i ons, using either NaBH^ or NaBH3CN. Full 
I ’ ~ 
details of the syntheses are described in the 
I 
exper imentaji section. Briefly, NiCl26H20, dppe and NaBH^ 
/ 
were reacted in a ratio of 1:2:2 under a slow stream of 
I 
I 
CO gas. Thp original dark brown solution slowly produced 
I 
a yellow (solid on addition of reducing agent and bright 
I 
yellow crystals were obtained after recrystallization 
■ I 
from dichloromethane and ethanol. The same complex is 
I 
formed w^en the reaction is carried out under refluxing 
/ 
condi t iotjs, or when the amount of reducing agent is 
I 
I 
increase^!. Moreover,. the reaction time can be reduced if 
I 
j 
the ratie of stirring is increased, although this factor 
I 
i 
was not|systematically studied. However, when the amount 
of dppe is increased, an orange complex, which will be 
I 
discuss/ed shortly, is obtained from the mother liquor 
i 
I 
with 4 smaller yield of the yellow complex in the 
287 
residue. 
The yellow complex is stable 
indefinitely in the solid state under dry nitrogen. In 
solution, it is stable for several days but decomposes 
within a few minutes if exposed to air. Moreover, above 
70°C, decomposition is even faster. Analytical results 
are in excellent agreement with the empirical formula 
Ni2 (CO) 2 (<3pp,e ) 3 .CH2CI2 • 
The i.r. spectrum is depicted in Fig.126 
and shows a single very strong absorption at 1920 cm. 
which suggests that the CO groups are coordinated in a 
terminal fashion. The related Co complex 
2 + 4 0 1 
[Co(CO)^(dppe)3] shows CO absorptions at 1964 and 
2012 cm In this, each unit of the dimer is coordinated 
by a chelating dppe ligand and two terminal CO groups, 
and the third dppe ligand bridges the two units, 
resulting in a trigonal bipyrarnidal geometry around each 
Co atom. Similar dppe complexes have also been reported 
for. Mo and W.A similar dimeric structure, with each 
Ni coordinated by a chelating phosphine and a terminal CO 
and United by a single bridging dpp>e, is certainly a 
possibility for Ni2(CO)2(dppe)3 shown in Fig.127(a) (and 
I 
its analogue Ni2(CO)2(dppp)3, see later). 
I 
2 8 8 
f 
Fig. 12jb. Selected Features of the Infrared Spectra of 
j Ni2(CO)2(^-cippe3 (^^-dppe)2* 
2 8 9 
3 1 The P n.m.r. spectrum of this complex 
i / 
is shown in F^i g . 12 3 . Th i s shows two complex multiplets, 
/ 
with P-P coupling, centered at a=44.0 and 31.3. The 
downfield signals are attributed to the chelating P I 
atoms, whllei the upfield signals are assigned to the 




I However, in the tetrahedrally 
I 
coordinated |Ni atoms of Fig.127(a), the chelating P atoms 
should be /equivalent and therefore one would expect a 
highfield /triplet and a doublet at lowfield, (which is 
I 
indeed the case, for the related Ni7(CO)2(dppp)3 






I At first it was thought that the complex 
i 
1 I P n.m.rj. spectrum results from the covjplings between P 
atoms re/ndered non equivalent due to conformational 
i 
I c ^ 
reasons"! as shown in Fig.129. However, a variable 
f 
temperatpre ^^P n.m.r. study from -70°C to +70‘^C (above 
this pemperature irreversible decomposition of the 
/ 
complex| occurs) showed no spectral changes, and 
therefore, this conformational cause can probably be 
/' / 
ruled /out. Furthermore, a careful inspection of the 
I 
spectrhm and the line separations, suggests that the 
290 
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spectrum is njot first order. The spectrum is more 
I 
probably of tjhe AA'A"A"'XX' type, where some of the 
coupling cons|:ants are close to zero, thereby reducing 
the number o|f lines normally expected for such spin 
! 31 
systems. The| complexity of this P n.m.r. spectrum, 
I 
i 
precluded a |detailed analysis and caused considerable 
I I 
difficulty ijn characterizing this complex. The presence 
/ 
of £ive-bondIP-P couplings, which would be necessary for 
a structure/ like that shown in Fig.127(a) to give the 
I 
spectrum obs'erved, is unexpected. 
I The n.m.r. spectrum shows a broad 
f ] 
unresolved jmultiplet and a broad doublet at 1.28 and 2.45 
I 
p.p.m., w^ich may be attributed to tiie -CH^- protons of 
the bridgihg and chelating dppe ligands respectively. For 
I 
I 
the bridging dppe ligands in the complex 
/ 
Cr2{CO)^(CgHg)2(p-dppe), the -CH2“ protons have been 
reported"C" to appear at 2.20 p.p.m. Similarly the -CH- 
protons ifor chelating dppe ligands in, for example, the 
I z , 
complex i [Rh(n -dppe)21 have been reported in the 
/ 
region lof 2.5-3.3 p.p.m. as a multiplet. In addition, 
Ni2(CO)2(u-dppe)(n“-dppe)2 also shows three resonances as 
broad unresolved multipilets at 6.88, 7.30 and 7.65 p.p.m. 
I 
due tOj the protons of the phenyl rings of the dppe 
ligandii. Furthermore, it shows a resonance at 5.32 p.p.m. 
I 
2 9 3 
tor the Ch2Cl2( protons, which is present as solvent o£ 
I 
crystallization even after 16-10 hours of high vacuum 
! 
drying cond i t i (l^ns . I 
I 
I Thus, on the basis of the above 
evidence, th^ stn.icture shown in Fig. 127 (a) seems to be 
I 
I 
the most reasjonable one. Each Ni atom is coordinated to a 
chelating d^pe and a terminal CO ligand, and two such 
I 
I 
units are bridged by a third dppe ligand. The geometry 
I 
around each/ nickel atom is expected to be distorted 
I 
tetrahedralj 
3.4.2. Ni ( CO) (Ti*'-dppe ) ( n -dppe) 
i Reaction conditions must be carefully 
j 
adjusted ^or the preparation of this complex. It is best 
i 
prepared j (see experimental) from the reaction of 
NiCl9.6H']o, dppe and NaBH CN under a slow stream of 
3 
carbon )/nonoxide gas in a mixed benzene and ethanol 
solvent I system. The course of the reaction is mainly 
dependent upon whether NaBH^ or NaBH^CN is used and the 
Ni : dppe| rat io. A v^ery high yield (89 %) is obtained when 
I 
NiCl2-6|H20, dppe and NaBH^CN are reacted in a ratio of 
1:3:3.^. If the amount of dppe is decreased, the 
294 
forma tion 
e>:clus i ve ly , 
ol£ N i 2 ( CO ) 2 ( n -dppe ) 2 ( p-dppe ) occurs 
NaBH is used, then a low yield of 
N i ( CO )( q “-dppe/^ ( n ^-dppe ) is obtained. This complex is 
obtained from' the mother liquor by evaporating most of 
the solvent /under reduced pressure, thus forming an 
orange oily /substance, which is then filtered off and 
I 
I 
washed with /small portions of ethanol and hexane. It is 
i 
very important to dry the complex completely under 
j 
reduced pressure, forming a cake like-orange substance, 
I 
otherwise de^/compos it ion occurs within a few hours forming 
I 
a greasy dailik orange substance. Surprisingly, the product 
/ 
obtained a|fter drying is in an analytica 1 ly pure form. 
All attempts to recrystallize this compound gave crystals 
of Ni2(CO)4(n“-dppe)2(P~dppe), discussed earlier. 
I The complex is stable indefinitely in 
I 
/ 
the soli(]5 state under a dry nitrogen atmosphere, but 
( 
decomposers within a few hours when exposed to air. In 
i 
solution,! decomposition is very rapid, if it is exposed 
I 
to atmospheric oxygen. It is soluble in most organic 
i 
solvents/, such as ethanol, ether, benzene, toluene, 
I 
d ichlorclmethane, THF and 1,4-dioxane, etc. 
I Elemental analyses are in excellent 
/ 




a complex o£ this proposed stoichiometry was very briefly 
reported by Corain et.al.'^^"^ who treated Ni(n^-dppe) in 
benzene solution with CO for about an hour. The complex 
was not isolated in the pure state, and its formulation 
was suggested only on the basis of an i.r. spectrum. 
The i.r. spectrum shows a very strong 
barid at 1918 jcm~^ as shown in Fig. 130. This suggests that 
the CO group is coordinated terminally to the Ni atom. 
I I 
This value i!s quite close to the value reported by Corain 
et.al.'*'^"^ lat 1920 cm.'”^ although they observed also a 
i 
small band) at 2000 cm~ which they attributed to 
„ / 
N i ( CO ) 2 ( n "" ndppe ) , present as an impurity. 
The n.m.r. spectrum of this comple.x 
I 
in benzend solution shows three sets of resonances, each 
i 
with P-P/coupling, centered at S=43.46, 30.92 and -12,0 
/ 
i 
with an i|ntensity ratio of 2:1:1 as shown in Fig.131(a). 
The positions of the signals at 8:^43.96 and -12.0 are 
i 
I 
consiste|it with the presence of chelating dppe and an 
uncoor d i|na ted P atom respectively. Given, therefore, the 
empirical formula of the complex and the electronic and 
structural requirements of Ni(0), i.e. 18 electron and a 
I 
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Fig. 1|30. Selected Features of the Infrared Spectra of 
I Ni CCO) (T?^-dppe) C^^-dppe) . 
1 2 
Fig. 131. ^^Pn.m.r. Spectrum of Ni(C0)(f? -dppe)(ij -dppe). 






In fact, the spectrum can be analyzed as 
i 
an A2MX spin s;^stem, in which is almost exactly twice 
AM' . The resonance at £—43.96 (due to chelating P atoms 
occurs as a / doublet, because of coupling with the 
i 
coordinated p/atom of the monocoord 1nated dppe ligand 
{J AM' 19.0 HIZ). The farthest upfield resonance (due to 
the uncoordinated P atom P^ of the monocoordinated dppe 
( 
ligand) als6 occurs as a doublet, due to coupling with 
j 
the coordin/ated P atom Pj^ of the monocoordinated dppe 
I 
ligand 39.2 Hz). Finally, the pseudo quintet 
centered at S= 30.92 with a line separation of 19Hz is 
i 
assigned jto P^^, the coordinated P atom of the 
I 
monocoordinated dppe ligand. Coupling of Pj^ with (to 
i 
give a dbublet) and with P^ (to give a doublet of 
i 
triplets) jis shown in Fig.132, and the resulting pattern 
I I 
appears an apparent quintet because of the chance 
i 
re lat i ons^h i p between and • On this basis, the 
! 
spectrum ^was simulated by the computer and the simulated 
/ 
i 
spectrum^i is shown in Fig.b* A similar spectral pattern 
has been reported for f ac-Mo ( CO) ■:. ( q "-dppm) ( n ^-dppm) by 
I 
I 1 ^ i 
Isaacs jand Graham, Hov/ever for this complex, the 
signals| of the chelating P atoms are upfield of the 
monocooirdinated P signals, consistent with the ring size 
j _ 
effect'p’ for the four membered ring. 
The ■H n.m.r, spectrum of Ni(CO)(r 
29 9 
dpps) ( Tj —dppifi ) /shov/s r63oridI'lCt?s clu6 to tho ~CH^~ yrutons 
I ^ ! 
of dppe at 3=2.1 (broad) and 3=2.42 (broad doublet) 
I 
p.p.m. The former is attributed to the -CH^~ protons of 
I 
I 
monocoord i na te/d dppe, while the latter are due to the 
-CH.^ 2 protons of the chelating dppe ligand. Similar 
values of -CH. protons have been reported :or 
Cr ( CO ) 2 ( CgHg )|'( n -dppe ) [ 2.22-2.4 4 p.p.m. (mul t iplet) ] " " 
I 
and [ Rh ( n ■^4-dppe ) ^ ] ^ 12.5-3.3 p.p.m. (broad)]""". 
I 
Moreover, N|'i ( CO )( q "-dppe )( q " “dppe ) also exhibits three 
i 
broad unresolved multiplets in the region 7-7.7 p.p.m. 
I 
due to the phenyl protons of the dppje ligands. 
I Molecular weight determination by the 
/ 
osmometric/ method, in bensene solution, gave a value of 
i 
I 
688 for Nji ( CO )( q "-dppe )( n "-dppe ) . The expected value is 
I 
382.7. ! 
Thus, all the evidence supports the 
structure depicted in Fig.127(b) in which the Ni atom has 
a basicj tetrahedral geometry. Clearly, one of the dppe 
i 
I 
ligands j is chelating while the other is bonded through 
/ 
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3.4.2.1. /Reactions of Ni (CO) ( TI ^-dppe ) ( n^-dppe ) . 
As mentioned earlier^ complexes with 
I 
bisphosphine Ligands coordinated througli only one of the / 
i 
P atoms are;' very reactive (see section 3.2,). The 
I 
interesting complex, Ni { CO ) ( n ^-dppe ) ( n "^-dppe ) is expected 
to show a srmilar behaviour, and indeed it reacts with 
I 
Ni(CO)^, Pt(C0D)Cl2, Mo(CO)g and Fe{CO)^. Unfortunately 
i 
none of th,fe products of these reactions could be 
i 
I 
isolated, 'although evidence for the presence of 
I 
bimetallic ,'complexes was seen in the ’^•^P n.m.r. spectra 
i / 
of reactionjb involving Ni(CO)^ and Mo ( CO ) g . 
Thus, when Ni(CO)^ is bubbled through a 
d ichlor ome;thane solution of N i ( CO ) ( n "-dppe ) ( n -dppe ) for 
i 
about ter| minutes, an orange-ye 11 ow solution is formed. 
I 
O *1 I 
The -^-^P /n.m.r, spectrum of this shows, in addition to 
! 
some weajk resonances, a strong signal at B = 37. This is 
/ 
consistetjlt with dppe being coordinated in a bridging 
fashion |*with magnetically equivalent P atoms. Similar 
/ 
chemical|' shift valus for the bridging dppe ligand were 
I 
observec^ for the N i ( CO ) 2 ( M~dppe ) ( n "-dppe ) 2 complex 
I 
discussed earlier. All attempts to isolate the complex 
I 
by addling ethanol or hexane were unsuccessful, and on 
/ 
removir;fig the solvent under reduced pressure, a mixture is 
30 1 
obt.;:» 1 ned which (decomposes on recryst'sllisatlon ruaklnQ it 
very difficult to obtain a pure product. The infrared 
I 
I 
spectrum on the solid shows absorptions at 2083(s) and 
2000 (vs,br) c(m~"" which is consistent with CO groups 
/ 
coordinated terminally to the Ni atoms. It is likely that 
1 
I 
the same corap,lex was obtained in solution by irradiating 
I 
Mo(CO)g in |THF with UV light under N2 [Mo(CO)g is 
I 
irradiated with UV light to cleave CO group(s)] and then 
I 
treating it! with Ni(CO)(n^-dppe(n^-dppe). The resulting 
! ■ 1 
yellow solution shows a single resonance in the P 
I 
n.m.r. spectrum at 8=35 (THF) compared to 8=37 (CH2CI2 
i 
see above)/. The difference in the chemical shifts is 
i 
i 
probably due to solvent effects and Mo(CO)g does not 
I 
appear to! be involved. All attempts to isolate this 
[ 
complex, (which seems to be a dppe bridged Ni-CO dimer 
I 
[ F ig . 12 7 (ci) ] , were unsuccessful. 
Similar reactions of Ni(CO}(n"-dppe)(n"- 
dppe) with Pt(C0D)Cl2 in a 1:1 raolar ratio resulted in 
[ O "1 
the formation of an orange-purple solution. The 
/ 
n.m.r. .spectrum shows the formation of a mixture of 
I 
complexes. The resonance at 8=42.1, with Pt satellites 
('^Pt-P=i810Hz) , may be assigned to the known""*^^ species 
PtCl 2 ( n -dppe ) , while the other complexes present in the 




Fe(C0)c -and ( CO ) ( n "-dppe ) ( n'-dppe ) resulted in the 
j 
formation of a mixture of complexes, although there is 
I 
some indicatipn of the formation of a he ter obirne ta 11 i c 
I 11 
complex. The I n.rn.r. shows three sets of complex 
multiplets centered at S=68.9, 44,0 and 27.2. A pure 
complex has niot yet been isolated, and clearly more work 
I 






.j 3.4.3. Ni(CN)2(n^-dppe). 
I 
i 
j This dppe complex is obtained when 
reactions /between NiCl.,.6HTO, dppe and NaBH CN were 
I i i 3 I 
carried out (see experimental) in a molar ratio of 1:3:5 
i 
under a jslow stream of CO gas at O^C. The brown 
/ 
suspensioi/i so formed was filtered off and the residue was 
j 
redissolv'fed in dichloromethane. Addition of ethanol 
i 
I 
produced /two crops of yellow crystals (discussed earlier) 
i 
which wpre removed and finally, after two weeks at room 
I ( 




I The red crystals are diamagnetic and^ in 
I 
the sol/id state, are stable indefinitely under nitrogen. 
/ 










j The chemical analyses are consistent 
i 
with the formulation of Ni(CN)2(dppe).EtOH. The presence 
( 
of ethanol is 'supported by the i.r. spectrum which shows 
I 
a broad absorption at 3420 cm which is attributed to 
I 
the 0-H stretching frequency. In addition the i.r. 
I 
spectrum shows a strong absorption at 2121 cm 
(Fig.133(a) iassigned to the vCN stretching frequency^"" 
i 
which is I similar to that reported""' for the 
PtH(CN) (PPh^') 2 at 2146 cm.~". 
i 
I 
1 1 I The P n.m.r. spectrum shows a strong 
I 
single resc^nance at 8-59.6, confirming that both P atoms 
are magnejtically equivalent. This large chemical shift 
I 
represents^ a rather large coordination shift of about 
I 
72.B p.p.rp. downfield from the resonance due to the free 
i 
dppe ligand which appears at 13.2, This is consistent 
I 
with a chelating dppe, since the resulting five membered 
i 
ring causes strong deshielding,""' 
i 
1 
The H n.m.r. spectrum shows a broad 
resonance at 8=3.62 p.p.m., assigned to the -CH9- protons 
I ^ 
i 
of dppei. A similar shift in the region of 2.5-3.3 p.p.m. 
i ^2 + was observed" " for the -CHo- protons in [Rh(r; -dppe)] 
i 
i 1 
In addition, the H n.m.r. spectrum shows an unresolved 
304 
Fig.l33Ca). Selected Features of the Infrared Spectra of 
Ni CCN) 2 C’^^-dppe) . 
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broad rnultiplet resonance centered at S=7.0 p.p.m. 






! On the basis of the above evidence^ it 
is reasonable;to assign this complex the structure shown 
in Fig,127 jWhere nickel(II) is coordinated to two CN 
I 
groups and aichelating dppe ligand. Ready cleavage o£ the 





Details of the synthesis of this complex 
are given jin section 2. However, briefly, it was prepared 
when NICI2-6H2O, dppe and NaBH3CN were reacted in a molcir 
i 
ratio ofl 1:2:2 in a mixed solvent (toluene/ethanol) 
i 
system. ,The mother liquor (i.e. reaction filtrate) was 
/ 
allowed jto stand for about one week at room temprature. 
/ 
It was pien concentrated under a dry nitrogen flow and 
i 
the £ir|st crop of orange solid was filtered off. The 
I 
solutioh was further concentrated to minimum volume, 
i 
forming! red microcrystals. 
I 
I The red diamagnetic solid is insoluble 
I I 
in iTiost organic solvents except DMF. In the solid state. 
I 
306 
It iis stable Inclet inltely under dry nitrogen, but 
solutions decompose on exposure to atmospheric oxygen. 
Chemical analyses suggest the 
formulation of Ni(CO)(CN)2(dppe).0.25Et0H. The presence 
of ethanol is supported by an i.r. absorption at 3420 
cm. ^ In addition, the i.r. spectrum shows absorptions at 
2121(m) and'1912(s) cm. ^ [Fig.133(b)]. The former band 
! 
‘ S 3 -s ^ 
is attributed to the CN stretching frequency ^ which 
i 
is at almo*st the same frequency as for the CN in 
i 
Ni(CN)2(dppe) discussed earlier. The latter band is 
i 
attributed j to the stretching frequency of a terminally 
i 
coordinated CO group. 
31 The P n.m.r. spectrum shows a single 
strong resonance at 8=59.7 due to chelating dppe. 
Thus, from the available evidence, it is 
reasonable to assign to this complex the structure shown 
in Fig.l^7(e), where five coordinated nickel(II) is in a 
square 'pyramidal geometry, basal positions are occupied 
with two terminally bonded CN groups and a chelating dppe 
I 
1igand,I while' CO occupies an apical position, thus making 
both phosphorus atoms equivalent. 
3 07 
i 3.4.5. Ni ( CO ) 2 (■n "-dppe ) . 
( 
i 
' Evidence o £ this complex has been 
I 
observed in solutions from two different reactions, and 
although it l^as not isolated in the solid state, it is 
i 31 tentatively formulated on the basis of P n.m.r. data as 
! 4 4 i Z 
the known species Ni(CO)2(n -dppe). The complex can be 
/ i 
prepared by,' reacting, in a 1:1 molar ratio, either 
I 
N i ( CO ) 2 ( PPhg ) 2 Ni ( CO ) 2 ( H "dppm) 2 with dppe, forming a 
I 
yellow ai:^ sensitive solution. All attempts to 
I 
I 
precipitate/ a solid by adding hexane or ethanol to the 
i 
I 
reaction solution were unsuccessful. 
The n.m.r. spectrum of the reaction 
solutions i show, in addition to weak resonances due to I ' 
I 
starting /materials, free dppe and either free PPh-> or 
i 
i 
dppm depi'ending on the starting complex, a very strong 
) 
signal at S=44.5, which is attributed to the coordinated 
dppe. sdch a large shift is consistent with the ligand 
/ 
being chelated to the Ni atom [Fig,127(f)]. The analogous 
Ni ( CO ) 2 ( n *^“depe ) complex, which also has a chelating 
= 2 ■“ 1 
ligand, shows “ ’ a single resonance in the P n.m.r. 
spectrum at S-48.G. 
309 






j Although most of the work described in 
this thesis (involves complexes of dppm and dppe, some 
i 
I 
exploratory relactions were carried out with ci^s-dppe and 
longer carbonjchain phosphine ligands such as dppp, dppb 
and dpppe. yith the exception of dppp, most of the 
I 
complexes fo(rmed in these reactions have not yet been 
i 
fully characterized and the following results and 




3.5.0. Reactions of NiCl2.6H20,dppp,NaBH^ or NaBH3CN and 
CO. 
The clean, very reproducible, reactions 
between Nl(II), dppp and NaBH^ or NaEH3CN have produced 
only niickel(O) species, Ni 2 ( CO ) 2 (dppp ) 3 and 
Ni (CO)2(dLipp) . 
3.5.0.1. Ni2(CO)2(P~dppp)(g^-dppp)2• 
Full details of the synthesis of the 






briefly, NiCl2|-6H20 , dppp and NaBH^ were reacted in a 
1:2:2 molar raliio under a clow stream o£ CO. Reactions go 
I 
smoothly to coi'npletion within 40 minutes of the addition 
of NaBH^, anti the yellow precipitate which forms was 





I The diamagnetic complex is stable in the 
solid state I for several months under nitrogen, but in 
i 







j Elemental analyses are consistent with 
I 
the formulajtion of N i 2 { CO ) 2 (dppp ) 3.2EtOH . The presence of 
I 
ethanol is jsupported by the i.r. spectrum, which shows a 
broad absorption in the region of 3300-3500 cm. "and 
absorption^ at 1275 and 1030 cm. due to the 0-H 
stretchingj, 0-H bending and C-0 stretching modes 
respectively. In addition, vCO bands (Fig.134) at 
1970(sh),]L930(v.s.),1915(v.s.),1875(w) and 1817(v.w.)cm 
I 
suggest ^that both CO groups are coordinated to the Ni 
I 
atom in I a terminal fashion. The compound [Fig.135(a)] 
I 
appears 'therefore to be similar> to Ni(CO)9(u-dppe)(n “- 
dppe)2 ]with one bridging phosphine (discussed earlier) 











broad absorptic^n at 1918 cm. " in the terminal CO region. 
However, if eadh Ni atom has local ^3V symmetry, only one 
CO band () jis expected, and indeed one band has been 
I 
observed in jthe related complexes Ni(CO)(PF3)2 and 
Ni(CO)(PMe2)3j (2073 and 1917 cm. ^ respectively)."'" 
I 1 2 . 
Moreover, the complex Ni(CO)(n"-dppp)(n“-dppp) ^ also 
I 




i 31 I The P n.m.r. spectrum in benzene 
I I 
solution is jillustrated in Fig.136(a) and shows two sets 
I 
of resonances, each with P-P coupling, centered at 
S=13.16 and|26.1 with an intensity ratio of 2:1. In fact, 
i 
the spectrujk can be analyzed as a typical A2X spin system 
(J = 17.7 Hz)|. The resonance at £ = 13.16 is assigned to the 
i 
I 
two magne tj ica 1 ly equivalent chelating P atovas, P^^, 
[Fig.l35(a]l which splits into a doublet due to coupling 
with the ^ atom, P.^, of the bridging dppp ligand v^hlle 
the resonaince centered at £ = 26.1 is assigned to P,, , the 
! 
bridging jP atoms of the dppp ligand which splits into a 
triplet i)ecause of coupling with the two magnetically 
I 31 
equivalenjt chelating P atoms, P^^. This P n.m.r. 
spectrum I was simulated on the basis of the above 
parameteis by computer and this simulattion is shown in 
Fig.l36{p). This further confirms the structural 
assignmejnt made above. The assigned chemical shift values 
I 
i 
for thf| bridging and chelating dppp ligands are similar 

























































M02 (CO) ( li-dpi|ip) exhibits a single resonance in the P 
n.m.r. at S = 27i59 (bridging dppp)''"' while PdCl 2 ( n ^ “dppp ) 
also shows a| single resonance at S=12.9 (chelating 
* =r I O T 
dppp).'" Moreover, it was shown earlier that the P 
I 
chemical shl£t|; for a six membered ring appears upfield of 
j 
that for ai five membered ring”"" and, indeed, a 
i 2 
comparison o£j the spectrum of Ni 2 ( CO) 2 ( p-dppe ) ( n -dppe)2 




I Thus, in solution, it is clear that the 
I ■ 
compound ijas the dimeric structure depicted in 
Fig.135(a),I although there are apparently some 





! 3.5.0.2. Ni ( CO ) 2 { h *"-dppp ) . 
This complex is best made when 
I 
NiCl2.6H20, dppp and NaBH3CN are reacted in a 1:2:1 molar 
ratio under a slow stream of CO gas (see experimental). 
The red solution so formed was concentrated under reduced I 
i 
pressure i after ten days of room temperature standing. 
i 
Pink microcrystals were obtained. 
is The diamagnetic complex stable 
316 
i nde £ 1 ii 11e 1 y ,1 n the so lid s ta te under dr y n 11r ogen , 
However, solutions slowly decomposes on exposure to 
atmospheric oxygen. Elemental analyses are in excellent 
agreement with the empirical formula Ni(CO)^(dppp). 
The i,r, spectrum is shown in Fig,137 
and it shows vCO absorptions at 
I 
19 9 2 ( V . s ) , 197 5 ( sh ) , 19 30 ( V . s ) and 1878 (w) cm consistent 
with both C(i) groups being coordinated terminally to the 
Ni atom. With C2y symmetry, two bands (Ay and By) are 
expected and, indeed, in the related Ni (CO ) 2 ( n“dppe ) 
complex two absorptions have been reported at 2000. 
J. ■’ 
and 1937 cmj". It is possible that the other two bands at 
1975 and .j.898 cm " in Ni (CO) 2 ( n~dppp) are due to 
distortions 
spectrum s 
in the solid state. Further more, this i.r 
hows very close similarity to that of 
N i ( CO ) 2 ( PPh3 ) 2 N i ( CO ) 2 ( M "-dppm) 2 discussed earlier, 
where the basically tetrahedral Ni(0) atoms also have C2y 
s ymme try. ! 
The ' n.m.r. spectrum in benzene 
solution jshows a single resonance at 8=15.3 consistent 
with the I phosphine coordinated in a chelating fashion. 
Both thi P atoms are in magnetically equivalent 
environments. A similar chernic.al shift has been 
3 1 7 
Fig. 137. 
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reported"" forj the related PdCl2(n"~dppp) complex, which 
shows a single resonance at 5=12.9 attributed to 
i 
chelating dppp. Furthermore, the chelating phosphorus 
I 
atoms in Ni2(CO)2(p“dppp)(n"-dppp) discussed earlier give 
a resonance at S= 13.16. 
The n.rn.r. spectrum of Ni(C0)2(n*'- 
i 
dppp) did noti give any information for the P-CH2-CH2“CH2“ 
P protons.' However, it shows a complex multiplet 
centered at| S=7.55 p.p.m. which may be assigned to the 
phenyl protops of the dppp ligand. 
j A molecular weight determination by the 
I 
j 
osmometric rjiethod in benzene shows a molecular weight of 
497 as compared to the expected value of 526.7 for the 
monomeric ^pecies. Thus, all the available evidence is 
consistent | with the structure shown in Fig.135(b), in 
which the Ni atom has a basic tetrahedral geometry. 
3.5.1. Reactions of NiCl2•6H20,dppb,NaBH^ or NaBH3CN 
j and CO. 
I When a still longer backbone carbon 
i 
chain length phosphine ligand such as dppb is used it was 
3 19 
p 0 s s i b 16 t o 1 s b 1 cl 10 t w o p L o d u. c 13 ^ a s r 0 p o r 10 d b 01 o w, 
i 
i 
3-5.1.1. Ni (T|*^~dppb ) 2 • 
In a typical reaction(see experimental) 
NiCl2.6H20, dppb and NaBH^ were reacted in a molar ratio 
j 
of 1:2:14.5 (in a mixed solvent (toluene/ethanol) system 
i 
under a slcjw stream of CO, forming an orange-red 
suspension. jThis was filtered off and a red crystalline 
I 
complex was!isolated from the filtrate over a period of 
two days ajfter adding ethanol (smaller quantities of 
NaBH^ leadSj to the formation of mi;<ture of complexes 
which could jnot be isolated). 
I The red diamagnetic crystals are stable 
indefinitely in the solid state under nitrogen. However, 
solutions jare extremely air sensitive and the slightest 
exposure tcj atmospheric oxygen results in decomposition. 
Decomposition is very rapid above room temperature. 
1 
I 
I Elemental analyses suggest an empirical 
I 
formula of, N i (dppb ) •-) . 0.5EtOH . The presence of ethanol is 
I 
i 
supported I by the i.r. spectrum which shows a weak broad 
I 
absorption in the region of 3500-3300 cm ' for vO-H of 
EtOH. Bands at 1275 and 1030 cm ‘'occur due to the 0-H 
320 
bending and' C-0 stretching modes of ethanol 
respectively.';"' No other significant absorptions were 
observed in the i.r. spectrum. 
3 1 The P n.m.r. spectrum in 
dichloromethane shows a resonance at S=30,7. Because of 
I 
I 
the sensitivity of the compound, it is difficult to 
i 
obtain a clean spectrum, and usually a second peak at 
i 
S = 31.2 due I to a decomposition product is visible. The 
chemical shjift at 3 = 30.7 is consistent with dppb being 
i 
coordinated jin a chelating mode ‘ with the P atoms in a 
magnetically equivalent environment. A similar chemical 
i 
shift value of 3 = 31.4 has been reported'"^*' for the 
i 
chelating dppb ligand in Nb(CO)^(dppb). 
I 
Thus, the available evidence supports 
the suggesi ion that this complex is a simple tetrahedral 
Ni(0) complex as shown in Fig. 135(c). 
3.5.1.2. Ni(CO)2(h"-dppb) 
This complex is isolated when 
I 
NiCl2-6H2f|/ dppb and NaBH^CN are reacted in a 1:2:4 molar 
I 
ratio under a slow stream of CO (see experimental for 
I 
details),] forming a dirty-gray suspension which was 
32 1 
filtered off. pale-yellow complex was obtained from the 
filtrate when (ethanol wan added and the solution allowed 
f 
I 
to stand for a! period of four weeks. 
! The pale-yellow complex is virtually 
insoluble in Iriost organic solvents. It appears to be the 
I 
most soluble jin dichloromethane but only dilute solutions 
could be obtained. In the solid state, it is stable 
indefinitely junder nitrogen, but decompos.lt ion occurs in 
solution wij:hin a few minutes when it is exposed to 
atmospheric | oxygen. Solutions are also unstable above 
room temperajture . 
Elemental analyses are in excellent 
agreement ^ith the empirical formula Ni(CO)2(dppb). 
0.75CgHg. The presence of benzene is further supported by 
the mass sp|ectrum which shows peaks at 78,77,76 and 75. 
I 
This i.r. spectrum shows absorptions at 
I _ 1 
3065 and :^042 cm for the C-H stretching frequency of 
the aromatic group"”' (benzene solvent} and an additional 
i -1 . 
pair of pbsorptions at 1588 and 1572 cm due to ring 
breathing | vibrations of the benzene.”” In addition it 
shows vCOjbands at 1998(v.s), 1935(v.s) and 1912(s) cm 
suggesting that the CO groups are coordinated in a 
3 2 2 
terminal fashijon. The characteristic features of the i.r. 
spectrum are | shown in Fig.138. The band at 19 3 5 cm 
seems to be 'split into two bands ( 1935 and 1912 cm ') 
probably duelto stronger distortions in the solid state- 
caused by the larger ring size. Furthermore, when the 
carbonyl region in the i.r. spectrum of Ni(CO)2(H~~dppb) 
[if the peak^ at 1912 cm” ^ is ignored] is compared with 
! 1 2 
N i ( CO ) 2 ( PPh3 2 / N i ( CO ) 2 ( n -dppm)2 and N i ( CO ) 2 ( u -dppp) 
I 
complexes discussed earlier, a similar pattern could 
easily be established. The line separation between the 
! 
tv/o most Sjtrong bands In all cases Is found to be -60 
cm. ' In fjact, the spectrum of N i ( CO ) 2 ( PPh 3 ) 2 very 
I 
closely resembles this spectrum [see Fig.110 for the 
I 
Ni(CO)2(PPhl)2 complex]. 
3 1 The P n.m.r. spectrum in dichlorometh- 
ane solutijon shows a strong singlet resonance at S = 24,4 
i 
and additi^onal signals probably due to decomposition 
products 4t S=24.9 and 30.6. The resonance at S-24.4 is 
i 
I 
cons is tent!with the dppb being coordinated in a chelating 
1 Z '2 I S Z 9 
fashion ' with magnetically equivalent P atoms. 
I 
I 
I Thus, on the basis of the above 
evidence, ) it is very reasonable to assign the structure 
of this complex as shown in Fig, 135(d) where tetrahedral 
32 3 
1 
3 2 4 
n i c k e 1 ( 0 ) 1 s j b o n d e cl w i t h t w o ter m i n a 3. C 0 g r o u p s a n cl a 
chelating dppiJ ligand. 
3.5.2. NiCl ( rj*'-dpppe ) . 
From several reactions carried out with 
this ligand I only one complex could be isolated. Thus, 
NiCl2-6H20, (ipppe and NaBH^ were reacted in a molar ratio 
of 1:2:2 in)toluene/ethanol under a slow stream of CO. 
■ I 
I 
The green ishj-gray solid so formed was redissolved in DMF 
and ether was added, some pink crystals were formed over 
I 
a period of jfour months. 
I 
i 
j The pink paramagnetic crystals are 
stable indefinitely under nitrogen, but solutions 
decompose op contact with atmospheric oxygen. 
, Chemical analyses are consistent with 
the forifiulat ion NiCl (dpppe ) 2.1 • 75DMFO . 25EtOH . The 
presence of DMF is supported by the i.r. spectrum which 
! 
shows anjb a broad absorption at 3370cm “ a medium 
intensity j at 1680 cm~^(Fig.139), attributed to the 
(0-H) and|vC=0 frequencies of EtOH and DMF."”" No signal 
in the n.m.r. spectrum could be observed due to 
paramagnetism  
3 25 
j Thus, on the basis of the above 
(soviiewhat liniited) evidence, a tentative structure is 
i 
assigned to t|.his species which is shown in Fig, 135(e), 
where five coordinated Ni(I) is in a square pyramidal 
I 
geometry with tv;o chelating dpppe ligands and an apical 
chloride group. 
2 
3.5.3. Ni(g -cis-dppee)2• 
As mentioned earlier only exploratory 
reactions we|re carried out with this ligand. In a typical 
! 
synthesis NiCl2.6H20, cis-dppee and NaBH^CN were reacted 
in a molar ratio of 1:2:3 in a mixed solvent 
(benzene/ethanol) system, under a slow stream of CO. This 
forms a rfed solution, from which red crystals were 
I 
isolated oyer a period of four days after adding hexane. 
i 
The diamagnetic, red crystalline species 
is stable: indefinitely under nitrogen, but solutions 
decomposes when exposed to atmospheric oxygen. Chemical 
analyses are consistent with the empirical formula 
N1 ( 0.1s-dppe ) 2 / which is a known complex." 
3 2 6 
The i n £ r d r t? d s p e c t r u m s h o ws n o 
I -1 signiticant abisorptions in the region of 2400-1600 cm 
31 ! The P n.m.rj spectrum in dichloromethane solutions show 
a sharp singlet at 8=50, suggesting that P atoms of 
cps-dppee are|magnetica1ly equivalent. The large chemical 
shift is consistent with a five membered ring systern’"" 




I Thus, the compound most likely contains 
a Ni(0) atoijk tetrahedral ly coordinated by two chelating 
cps-dppee lij^ands as shown in Fig. 135(f). 
( 
I 3,6. Conclusions. 
It is clear from the discussion that 
reduction |o£ Ni(II) salts by a combination of either 
NaBH^ or fiaBH3CN and CO is one of the most convenient 
routes tojlow valent phosphine-substituted Ni-carbonyl 
I 
complexes.(!)ther work in this laboratory has established 
that thisjis also true for cobalt. This route not only 
avoids thje direct use o£ metal carbonyls (which is 
sometimes |inconvenient, expensive or time consuming) but 
also give^ some unusual and novel products. 
3 2 7 
I It is also evident, that the reactions 
I 
involving dppri|i are fundamentally different from reactions 
I 
w i t h t h e o t h 6 r his pi h o s p h i n e s s t u d i e d . F o r e x a r o. p) 1 e, i n 
most cases, ^dppm is coordinated in a bridging vaode, 
although, mopodentate coordination has been observed in 
this and inj related work.”'" The other bisphosphines 




I Reactions with NaBH3CN are easier to 
i 
control, mor^ versatile and produce novel monocoordinated 
bisphosphine! complexes (dppm,dppe), whereas reactions 
i 
with NaBH^ I are generally faster and more difficult to 
control. Higher metal to ligand ratios play an important 
! 
role in |the production of the intermediate, 
I ' 
monocoordin^ted bisphosphine complexes. These 
i ntermed ia ties are very reactive and are excellent 
precursors I of a variety of hetero and homobimetallic 
complexes, j In most cases, reactions are rapid under 
I 
normal conditions, and constitute a very convenient route 
for the syhtheses of such complexes. 
I 
In addition, Ni2(u-CO)(CO)2(p-dppm)2 is 
also verji reactive towards a variety of molecules. In 
some cases, the rneta 1-rneta 1 bond is retained but in 
I 
others, 'oxidative addition occurs wiiich may have 
3 2 8 
iiupl i ca 11 ons i,n catalytic processes, 
j There are also indications of the 
formation ofiphosphido complexes, formed by cleavage of 
I 
dppm, under , the mildest conditions yet observed. More 
I 
work is necessary, but preliminary observations suggest 
that this majy result in an entirely new synthetic route 
I 
towards phostihido compounds. 
Finally, from a synthetic point of view, 
it has to bei emphasised that reaction conditions, such as 
ratios of metal to ligand to reducing agent, duration of 
the reaction, nature of both the phosphine and the 
I 
reducing agent and the temperature all play an 
I 
I 
Important foie in the reactions and can have major 
I 
influences (not only on the nature of the product(s) which 
result(s) I but also on the reproducibility of the 
reactions. I 
j A combination of infrared and P n.m.r. 
spectroscopy has been shown to be powerful tools in 
I 
character ijz ing these complexes. Extensive use has been 
made of |i-^- criteria already in the literature to 
I 
distinguish between bridging and terminal carbonyl 
L 11 groups. Furthermore, P chemical shifts and splitting 
3 29 
patterns havel proved to be extremely useful in assesing 
whetVicr phcisphines are chelating, bridging or 
monocoordinated . Computer simulations and integration of 
■i} 1 
signals in ; P n.m.r. spectra were also helpful in 
establishing btructures. 
Finally, X-ray crystallography has 
) 
proved to bij vital for the absolute characterization of 
( 
complexes like NiPt ( |.J.-CO ) CI2 ( p-dppm) 2 • 
3.7. Suggestions: 
Some very interesting substituted 
j 
carbonyl complexes have been obtained in this study of 
the reductibn of Ni(II) salts by NaBHj or NaBHoCN in the 
I 
presence ojf phosphines under a CO atmosphere. Some of 
I 
these reacjtions have proved to be far more complex than 
i 
had been expected. 
The work described in this thesis 
clearly slvows that these reactions are a most convenient 
f 
route to make phosphine-substituted carbonyl complexes. 
Although extensive work has been done on dppm and dppe, 
there isjstill room for further work with these ligands 
3 30 
under dl££ere|nt conditions such as (i) increasing the 
reaction timejs (ii) increasing the temperatures over 
longer periods of time (iii)^ varing meta1:1igand: 
reducing agent ratios beyond those investigated and (iv) 
I 
changing the| sequence of mixing the reactions by, for 
example addinjg the reducing agent before introducing the 
CO etc. 
I As mentioned in the discussion section, 
I 31 
the presence I of a phosphide complex was confirmed by P 
n.m.r. spectjroscopy but a solid complex was not isolated. 
This if3 onje very interesting area where more work is 
required ir^' an attempt to isolate and investigate the 
I 
nature of the phosphide complex and how P-C bond cleavage 
occurs under such mild conditions. In fact there it- no 
report of the formation of a phosphido complex from dppm 
j 
under such mild conditions. 
I 
The reactivities of the metal-metal 
I 
bonded species Ni 2 ( M-CO ) ( CO ) 2 ( u-dpprn)has been studied. 
Some of thp products from these reactions have been fully 
character ifzed, while more work is required to 
i 
charecter i'se products from reactions with N0,HC1,C-2H^ and 
I 
Sg. As rneiitioned in the disscussion, the reaction with Sg 
produced |a highly crystalline black complex on which 
further work should be productive and whicli may reveal 
331 
some very inteyesting features of sulfur coordination. X- 
I 
ray crystallography may be required to fully characterize 
I 
this product J In addition, similar reactions with otlier 
rnetal-metal bonded complexes such as Ni ^Pt ( u-CO ) Cl 2 ( 
f 
dppm)2, NiPd(U-CO)CI2(u-dppm)2 and Ni2(u-CO)Cl 2(p-dppm)2 
will almost' certainly produce more interesting 
complexes. ! 
The few bimetallic complexes which have 
already been made in this study were prepared from 
Ni (CO) 2 ( p-dpprn) 2 • This system can be further explored by 
carring outj analogous redactions with other metal ions, 
while most df the work described in this thesis involves 
dppm compledxes, there is potential to expolre reactions 
I 
with the mono coordinated dppe complex. 
I 
Attempts to isolate solid trimetallic 
systems wejre largely unsuccessful although indications 
that reactions aimed at making such complexes have indeed 
occured. This is therefore, another area which requires 
more workj and may well lead to some new and exciting 
results. ^ 
Finally, work with higher 




study. It will be interesting to compare these results 
I 
with those alrjeady obtained with dppm and dppe and it is 
hoped that Ithis type of study will provide more 
I 
information aliout the coordination and reaction chemistry 
of these phosphine ligands. 
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